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T. W. Hornbuckle, M. A. Joh. >
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G.Barnes, M. A. Queen's Coll.
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Robert Woodhouse, M. A. Caius") ^^ ^g ^
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IS09.

John Brown, M. A. Trin. Coll. "( ^^ jg ^q ^6
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38



1810.

T. Turton, M. A. Catli. Hall. •)

HoiirN WalliM. M. A. Joli. >
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Thomas Jephson, M. A. Joh.
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William Hustler, M. A. Jesus

1816.

Miles Bland, M.A. Joh.

William French, M. A. Pemb

1817.

John White, M.A. Cains "^ „
^2

G. Peacock, M. A. Trin. Coll. 5

]

22 23 9 54
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1818.

Fearon Fallows, M. A. Joh.

William French, M. A. Pemb.
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Richard Gwatkin, M. A. Joh. ^ [o 23 14 56
G. Peacock, M. A. Trin. Coll. S

1820.

Henry Wilkinson, M. A. Joh. ") ^^ ^g ^^ ^2
W. Wheuell, M. A. Trin. Coll. 5
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IProtilcm@.

1801

Morning Problems.—Mr. Hornbuckle.

FIRST AND SECOND CLASSES.

1. Compare the velocities acquired in falling

freely from different altitudes towards diffh^ent

cisnters of force, the law offeree being the inverse

square of the distance.

2. Investigate the equation to the reciprocal

spiral, and thence determine the law of the force by

which a body may describe the curve.

3. Let a given parabola be just immersed verti-

cally in a fluid ; at what distance from the vertex

must a line be drawn parallel to its base, that the

pressure on the upper part may be to that on the

lower in the proportion ofm to n ?

4. A body falls freely by the force of gravity

Z>

down AB, and uniformly describes the space BD^
A
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equal to twice jIB, on the liorizontal })Iane, with

the velocity acquired. Determine, geometrically,

the length and inclination of a plane drawn from

A to BDy the time down which may be equal to

the time down AB and along BD.
5. Divide a given angle into two angles, whose

tangents shall be to each other in a given ratio.

6. On a given day, in a given latitude, the length

of the shadow cast by a tower at 12 o'clock was («)

feet. Required the height of the tower.

7. Find the length of an arc of the meridian

corresponding to any given latitude, according to

Mercator's projection ; and reconcile it to the con-

struction given by Cotes.

8. Where must an eye be placed that an object,

seen through a double convex lens, may appear of

the same magnitude at all distances from the lens ?

9. A body is projected from the top of a given

inclined plane. Required the direction of projection

in which the least velocity will bring it to the

bottom of the plane. Required also this velocity.

10. Compare the values of the respective infinite

series 1 +2x + 3.t^ + 4^ + &c. and l-2x + 3x" —

4x^ + &c.

y 11. Compare the chances of throwing an ace in

two trials with one die, and in one trial with two.

12. Transform the cubic x^ - px" -^-qx -r — 0,

whose roots are rt, ft, c, into one whose roots are

1 1 _l
a+ b' a + c' b -\- c'

13. Any two sides of a spherical triangle remain-

ing constant, determine the ratio of the nascent
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increments of the angle included between those

sides, and of either of the other angles.

14. Suppose a given sphere to be projected in a

jnedium whose density is ^ that of itself; compare

the velocity of projection with that remaining in the

sphere after describing a space equal to eight diame-

ters ; the resistance to the motion arising only from

the inertia of the medium.

Third and Fourth Classes.—Mr. Hornbuckle.

1. Required the price of paving a floor, whose

length is 10yds. 2ft. and breadth 5yds. ift. at 2*.

per square foot.

2. Reduce 17^. ^^d. to the decimal of a pound.

3. Prove the rule for finding the greatest common
2l6

measure of two quantities ; and reduce 7; to its
31 80

lowest terms.

4. If an angle of a triangle be bisected by a line

which also cuts the base, the rectangle under the

sides of the triangle is equal to the rectangle under

the segments of the base, augmented by the square

of the bisecting line.

5. Given the three angles of a triangle and the

radius of the circumscribing circle, to find the sides.

6. The sum of the tangents of two arcs : diff. of

tangents :: the sine of the sum of those arcs : sine

of the diflerence.

7. Prove that a body cannot easily be balanced

on a point under the center of gravity.

8. Given the length of a pendulum (/) that os-
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dilates seconds, find by means of it how far a body
will fall freely by the force of gravity in t"

.

9. Given the velocity and direction of projection,

find the range on a plane of given elevation, and
the greatest altitude,

10. Find the fluxions of the following quantities

(TI^T^P T^lTp' "'' « being constant.

11. Inscribe the greatest cone in a given sphere.

12. Find the chords of curvature perpendicular

and parallel to the axis at a given point of the com-

mon parabola.

13. Tlie roots of the cubic ot? — 'px^-\-qx — v —
are in musical progression, shew how they may be

found.

14. Find generally the sums of the powers of

the roots of an equation.

15. Explain the principle of the hydrometer, and

shew that if it be made to sink to the same depth in

diflferent fluids, the specific gravities of these fluids

are as the weights of the instrument in the several

cases.

16. Find the center of a Meniscus, and prove it

to be a fixed point.

17. Place an object before a double convex lens,

so that the image may be double of the object, and

erect.

18. Given the right ascension and declination of

a star. Required its latitude and longitude.

19. Supposing the earth's orbit a parabola, find

the apparent path of aberration of a fixed star

parallel to the ecliptic.
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20. The velocity at any point of a conic section

: velocity in a circle at the same distance ::

s/^L X SP : SY; Prove this, and shew it to be

the same ratio as that of yjHP : ^J AC, AC being

the semi-axis major.

21 . How far must a body fall internally to acquire

the velocity in a parabola, the force varying inversely

as the square of the distance ?

22. Compare, by means of a circle, the times of

describing freely different spaces from the same dis-

tance towards the same center of force, the law of

the force being the inverse square of the distance.

23. Explain the principle of Cassegrain's tele-

scope, and find its magnifying power.

24. Sum the following series 1.2.4 + 2.3.5 +
3.4.6 + &c. to n terms.

Also 1-
-—r — —T.+&C. ad inf.

1.3 2.43.5 4.6^ '^

Fifth and Sixth Classes.—Mr. Hornbucrle.

1. 17j ells of cloth, each containing 5qrs. cost

£.6. 17- lOj; how much will 18 yards cost at the

same rate ?

2e Required the interest due on oCll5.for5|^

years at 4| per cent, per ann. simple interest,

3. Solve the following equations.

»J X - 4 = 259 - ^Ox

4 + sf^
'

10 14 — 2x _ 4

X 30^ ~~ 9'
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4. In any piano oblicjuo-angled triangle, given

two sides and the included angle, to solve the

triangle.

5. A body falls from rest by the force of gravity

down a given inclined plane; compare the times of

describing the first and last halves of it.

6. Prove the velocity in any point of a parabola

equal to that acquired in falling down ^ the para-

meter,

7. Given a rectilinear object, and its inclinatiori

to a known refracting surface ; required the magni-

tude and inclination of the image.

8. Prove that the image of a straight line before

a spherical reflector is the arc of a conic section.

9. Find the time of emptying a cylinder of given

base and altitude through a small orifice in its base;

and investigate the fluxional expression for the time

of emptying vessels in general.

10. If all the coefficients of an equation be whole

numbers, shew that it cannot have a fractional root.

11. Draw a meridian line on a horizontal plane.

12. Compare the velocity in a curve with that in

a circle, at the same distance, in general, and in the

conic sections; the center of force being in the

focus.

Evening Problems.—Mr. Walker.

1. Find tlie exact value of .1666, &c. of a £.

2. Find the length of a pendulum that would

oscillate seconds at the dist. of the earth's rad. above

its surface ; and then determine the point below the

surface where it would oscillate in the same time.
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3. A body, projected from the top of a tower at

an angle of 45° above the horizontal direction, fell

in 5" at a dist. from the bottom of the tower equal

to its altitude : find that ait. in feet.

4. Compare the resistance upon the curve of a

semi-circle, moving in a fluid in the direction of its

axis, with the resistance upon its base.

5. Two equal hollow cubes are immersed in water,

having a side parallel to the surface, and their depths

are in the ratio of 4 : 1 ; compare the times of filling

through equal orifices in the bottoms.

6. What must be the form of a glass lens placed

in water^ that all rays, incident parallel to its axis,

may converge accurately to one point within the

water ?

7. The reflecting curve is a semi-circle, and rays

fall parallel to its axis : construct the caustic ; and

compare the density of the rays at different points.

8. Given the Sun's alt. at 6 o'clock, and the alt.

when due east ; find the lat. of the place.

9. Given the mean horary motion of a planet in

its orbit ; shew the method of finding the horary

motion in longitude.

10. The hyp. logarithm being given, find the

corresponding number.

11. Sum the series

2 1 3 1 4 1 o J • ^+ X — + X — + Sec. ad inf.
1 .3 3 3.5 3* 5.7 3

and, 1 .2.4 + 3.4.6 4- 5. 6. 8 + 7. 8.10 + &c.

to n termSj by increments.

12. Shew the method of finding the content of

a pyramid, whatever be the figure of its base ; the

area of the base, and alt. of the solid, being given.
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13. Investigate the ratio of the centripetal and

centrifugal forces in any curve ; and apply it to the

hyperbolic sj)iral. > i- :<>

14. Find the actual velocity and periodic time of

a body revolving in a circle at the dist. of the

earth's rad. above its surface.

15. The equation to a certain curve is 3/ =

, , where x is the abscissa and y the ordinate

;

find the whole area of the curve, and shew that it =•

area of a circle whose rad. is a.

16. Shew the method of comparing the mean
fiddititious force of the sun Upon the moon, with the

force of gravity at the earth's surface.

17. Let AB and DC be two diameters of a given

circle, drawn at right angles to each other; AEB a

circular arc described with rad. DB or DA ; prove

C

that the area of the lune AEBC=z:xYea of triangle

ADB.
18. Suppose a comet, in its descent towards the

sun, to impel the earth from a circular orbit, in a

direction making any acute angle with the earth's
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distance from the sun; and the velocity after im-

pact : velocity before :: ^3 : >/2 ; find what

change would be produced in the length of the year.

19. A globe and its circumscribed cylinder re-

volve uniformly round a common axis in the same

time; compare the motion of the cylinder with

that of the globe.

20. Shew that the fluent of - / —— ,
gene-

xj l+.r ^

rated whilst x from O l>ecomes 1, is = -7-
, where Q

is the quadrantal arc of a circle whose radius is 1

.

21. A body descends in a parabola in a resist-

ing medium, by a force tending to the focus, which

ex: —— , Compare the resistance with the centri-
dist.

^

petal force ; and find the law of the velocity.

22. The relation between the abscissa and ordi-

nate of an algebraic curve is expressed by the equa-

tion y"- (a + bx).i/"— ^-\-{c-{-dx + ex^).y''~^- &c.

= ; prove that the sum of the ordinates divided by

the res})ectiv'e subtangents, is a constant quantity.

23. A cylinder of a given weight and dimensions,

is put in motion round an axis parallel to the horizon,

by a given weight (P) suspended by a small string

wound round the surface of the cylinder ; find the

actual time in which P would descend from the

surface of the earth to the centre.

24. Let A and B be two particles of matter, con-

• \ •

nected by an inflexible line AB; and let a force be

B



^
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impressed perpendicular toAB at any point D which

is not the centre of gravity : find tlie point of initial

spontaneous rotation ; and then determine the path

of that point in one revolution of A and B.

Morning Problems.—Mr. Walker

FIRST AND SECOND CLASSES.

1. An equiangular prism is placed upon an in-

clined plane with its axis parallel to the horizon, and

is just supported:—find the plane's inclination.

2. A cylinder is just immersed in a fluid with its

axis perpendicular to the surface j find at what

point it must be cut by a plane perpendicular to its

axis, that the pressures upon the convex surfaces

may be equal.

3. Prove that a small rectilinear object and image

subtend equal angles at the vertex of a spherical

reflector.

4. The latitude being given, find at what time

on the longest day, the variation of the sun's altitude

is e^reatest.

5. Given the moon's horizontal parallax and

periodic time, with the sun's apparent j diameter

and length of a sidereal year ; shew the method of

comparing the densities of the earth and sun.

6. az=y ^ a' + 43/", where z is the arc of a cer-

tain curve, and y the ordinate ; determine the rela-

tion between the ordinate and abscissa.

7. Prove tliat the solid generated by the revolu-

tion of an ellipse round the minor axis, is a mean
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proportional between the solid generated round the

major axis and its circumscribed sphere.

8. Find the distance of the point of suspension

from the centre of gravity of a given system of

bodies, that the time of an oscillation may be the

least possible.

9. Investigate and construct Cotes's fifth spiral.

10. The moon performs a revolution round the

earth in a certain period, whilst they revolve round

their common centre of gravity ; in what ratio must

the mean distance of the moon be diminished that

it may revolve round the earth at rest, in the same

time?

11. Describe the curve which is the locus of the

equation x'^ — 0^3^ \-o?'}f — O: and find its whole area,

12. Find the fluent of ——5^2, having given the

X
fluent of 2 : find also the fluent oiv^x^x, where

1 -\-x

V = hyp. log. X.

13. Prove the diflerential method of summing ^*«*

series, by the method of increments. ^—^

14. Find the attraction of a corpuscle to a sphere, <^^'

when the attractive force to each particle oc^
dist.]^

IT.
1

Third and fourth Classes.—Mr. Walker,

1. Find the interest oi £bbb. for 2 j years, at 4^-

per cent.

2. A piece of ground, containing 4970.25 square
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yards, is to be laid out in tlic form of a square :

find the length of a side.

S. Given a: -\- va^ + a' =
y

- : find j:.

V •^ + a^

4. Prove that the ratio ,^ 1 + ^r : 1 is nearly

equal to the ratio 1 + —
: 1, where .r is verv small

in

when compared with 1.

5. Shew the method of ascertaining the height

of a mountain above the level of an horizontal plane

contiguous to a sloping side.

6. Prove that the minor axis of an ellipse is a

mean proportional between the major axis, and the

latus rectum.

7. In a right-angled spherical triangle, sine of

iiypotheuuse : radius :: sine of a side : sine of the

angle opposite that side. Required a demonstration.

8. Given the two apparent weights in each end

of a pair of false scales, find the true weight ; and

shew whether it is greater or less than ^ their sum.

9. Find the height to which a body will rise, if

projected perpendicularly from the horizon, with a

velocity of 144 feet in l" : and find how far it will

ascend in 2".

10. Compare the time of an oscillation in a

cycloid, with the time in which a body would fall

through a space = length of the pendulum.

11. A cubical vessel, whose altitude is 32 inches,

stands upon an horizontal plane and is filled with

water:—find where a small orifice must be made in

a side, that the fluid may spout to a distance equal

to the height of the vessel.
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12. Find the height of an homogeneous atmo-

sphere ; and shew that it is about 5| miles.

13. Find the principal focus of rays refracted

through a sphere, denser than the ambient medium
;

and, supposing the focus to be in the surface of

emergence, determine the ratio between the sines

of incidence and refraction.

14. Determine the place of a double convex

lens, between the eye of a spectator and an object

at a given distance, that the apparent magnitude

may be a maximum.

15. Construct two angles geometrically, whose

sines are in the ratio a : h, and tangents in the

ratio m : 1 ; and prove that rad. : cos. of greater

angle : : ^{iif - I) h"" : >^a' — b\

16. Prove that z = . , where r and .v

s V *''^ — ^'

arc radius and secant of the arc z.

17. Find the fluent of - ; and of v" .i

s/ a" + z"

where v — hyp. log. x.

18. Sum the series -f- f-
-— + &c.

1.3 2.4 3.5

adinfinitum. And 1'+ 2' + 3^ + &c. .. .to ?z terms, /f-^i-'^

19. Construct an horizontal dial for a given ^^^'

latitude ; and find the angle between the hour lines

of 1 2 and 3.

20. Given the sun's declination and latitude of

the place ; find the time of its rising.

21 . Shew that every equation, whose roots are

possible, has as many changes of the signs as it has

positive roots.
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22. Prove that the periodic times in all ellipses

round the same centre are equal ; and, round differ-

ent centres, that they ex:
—

. =-
,

>/abs. lorce

23. Investigate the ratio of the angular velocities

of the distance and perpendicular upon the tangent,

in any curve ; and apply it to the logarithmic spiral.

24. A body descends from a given altitude by a

force uhicli oc - ; and, at the middle point of
dist.)

'

its descent, is projected with the velocity acquired,

in a direction making an acute angle with the dis-

tance from the centre :—what orbit will the body

describe? and what will be its periodic time, when

compared with the periodic time in a circle whose

radius is the given altitude ?

Evening Problems.— Mr. Hornbucrle.

1. Investigate the rule for extracting the cube

root, and apply it to find the cube root of 738,76.3264.

2. Required the discount on a given sum {£p)
due 1| years hence, at 5 per. cent, per ann.

3. Resolve the recurring series a + hx -f- cxf +
dx^-\-hc. whose scale of relation is y+^j into two

geometrical series.

4. Two equal weights are suspended by a string

passing over three tacks, which form an isosceles

triangle, the base being parallel to the horizon, and

the vertical angle 120". Compare the respective

pressures on the tacks with each other, and with the

weights.
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5. Suppose a straight rod to be partly immersed

in a vessel of water ; determine the angle at which

it must be inclined to the surface, that the apparent

bending at the surface may be a maximum.

6. A cylinder full of water, whose length is equal

to the diameter of the base, is supported with its

sides parallel to the horizon : compare the time of

discharging half the fluid through a small orifice in

the lower side in this situation, with that of dis-

charging the same quantity through an equal

orifice in the base, when the sides are perpendicular

to the liorizon.

7. Apply Napier's rule to find the declination

6f a star, which, in a given latitude, rises in the

north east point.

8. Investigate the nature of the curve in which

a body descends from one given point to another in

the least time possible ; the velocity at each point

being supposed to vary as the corresponding ordi-

nate of the curve.

9. A cylindrical rod suspended at one end, whose

weight is {JV) and length (/) inches, oscillates

seconds; on what part of the rod must a given

weight (w) be suspended that it may oscillate twice

in a second.

10. Approximate to the roots of the equation

x'^-\-xi/ = 5,2xi/—i/'=2, and shew on what the

accuracy of an approximation depends.

11. Find the area of the curve, whose equation

a—sjcr — x' . J, ^

IS 2/ = a X hyp. log. . , contamed between
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the values (</) and (b) of the abscissa; x being the

abscissa and 1/ the ordinate.

12. yJBC is a semi -cycloid, DC its base, jiD
its axis, .'iFG a curve traced out by assuming the

ordinate A'F always equal to the cycloidal arc ^B :

investigate the equation to the curve yiFG, and

compare its area with the area of the cycloid.

^

E ^^:\
"\;f

^\
2> \. \

13. Sum the following series 1 .3^ + 3 .5' + 5.7- -|-

hc. to n terms.

-L_J_ + _L
1.2 2.4 ^ 3.6'

1 1

+

1

1

+ &c. ad inf.

— &c. ad inf.
1.2.4 2.3.5 ' 3.4.6

14. The roots of the equation x"" - px"" — ^ +
^^*~' — &c. = O are in arithmetical progression;

he least root is ^^
. \/^ ^''^ ~

^

.

n n y ir — 1

and the common difference - . \/— ^r^ ,

The investigation is required.

15. Find the fluents of the following quantities,

X bi/ ax

x^ x{a + xy ' ( 1 —y)\JY+f ' X sJa^—ax-\-x'

'

16. Prove that, when the first point of Aries rises,

the ecliptic makes the least angle with the horizon.
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and when it sets, the greatest ; and thence explain

the phsenomenon of the harvest moon.

17. Suppose a body describing a logarithmic

spiral in a resisting medium, the density varying

inversely as the distance, and the centripetal force

as the square of the density, to be deprived of its

angular motion at a given distance from the centre
;

compare the time of its descent to the centre in a

straight line, with the time of descent in the spiral.

18. Two bodies, whose weights are A and B,

are projected together with the respective velocities,

a and b, from the same point, in the same direction,

and at a given angle of inclination to the horizon.

Required the greatest altitude to which their com-

mon centre of gravity will ascend, and the path

described by it.

19. A cylindrical vessel, of given akitude and

base, is situated on a horizontal plane ; an eye is

placed so as to see only the farther extremity of that

diameter of the base which passes through the point,

in which a perpendicular drawn from the eye to the

plane meets it. To what depth must it be filled

with water, that the eye in the same situation may
see the centre of the base }

20. Construct a vertical south-east dial.

21. ABD is a semi-circle, AD its diameter, EF
J3
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any cliord parallel to AD, produced indefinitely,

CB, CP, CR radii ; the parts Bh, Pji, Rr of the

radii, intercepted between the chord, or the chord

produced, and the circumference, are bisected in

Xfi/,z; find the nature of the curve passing througli

all the points of bisection, both within, and without

the circle.

22. Investigate the number expressing the pro-

bability of throwing an ace at least (t) times in (w)

trials with a die of (p) faces marked 1, 2, 3 . . .p.

28. Shew that Newton has properly applied the

principles of the golden rule in his investigation of

the ratio between the equatorial and polar diameters

of the earth ; i. e. if this ratio be that of 1 +« : 1, n

being very small, and the figure of the earth an

oblate spheroid, prove that the excess of weight

supported at the equator is proportional to the

difference (w) of the diameters.

24. Find at what angle a plane, which is per-

pendicular to the plane of the meridian, must be

inclined to the horizon of a given place, that the

diurnal path of the shadow of the extremity of an

object, erected perpendicular to the horizon, may
be a parabola on the plane : the sun's declination

being given, and supposed invariable during the

course of one day.
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Morning Problems.—Mr. Palmer.

FIRST AND SECOND CLASSES.

1. VTivEN the three angles of a plane triangle,

and the radius of its inscribed circle, to deternnine

its sides.

2. The specific gravities of two fluids, which

will not mix, are to each other as n : 1, compare

the quantities which must be poured into a cylin-

drical tube, whose length is (a) inches, that the

pressures on the concave surfaces of the tube, which

are in contact with the fluids, may be equal.

v^ S. Determine that point in the arc of a quadrant

from which two lines being drawn, one to the centre

and the other bisecting the radius, the included

angle shall be the greatest possible.

4. Required the linear aperture of a concave

spherical reflector of glass, that the brightness of the

sun's image may be the same when viewed in the

reflector and in a given glass lens of the same radius.

5. Determine the evolute to the logarithmic

spiral.

6. Prove that the periodic times in all ellipses

about the same center are equal.

7. The distance of a small rectilinear object from

the eye being given, compare its apparent magni-
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tiulc \vliti\ viewed through a cyhndrical body ol

water with that perceived by the naked eye.

8. Find the fluents of the quantities -^—5
r.

»

and —- .

9. Tlirough what space must a body fall inter-

nally, towards the centre of an ellipse, to acquire

the velocity in the curve ?

10. Find the principal focus of a globule of

water placed in air.

11. Determine, after Newton's manner, the law

of the force acting perpendicular to the base, by

which a body may describe a common cycloid.

12. Find the area of the curve whose equation

is xy = a'

.

y 13. What is the value of the quantity q so that

force X (period)" = ^ x radius of circle?

^^ 14. Two places, A and B, are so situated that

when the sun is in the northern tropic it rises an

hour sooner at A than at B ; and when the sun is

in the southern tropic it rises an hour later at A
than at B. Required the latitudes of the places.

15. From what point in the periphery of an

ellipse may an elastic body be so projected as to

return to the same point, after three successive re-

flections at the curve, having in its course described

a parallelogram r

Afternoon Problems.—Mr. Dealtry.

THIRD AISD FOURTH CLASSES.

1 . Inscribe the greatest cylinder in a given sphere.



1802.] CAMBRIDGE PROBLEMS. 2^

2. KaySj which pass through a globe at equal

distances from the centre, are turned equally out of

their course.—Required a proof.

3. Given the declination of the sun and the lati-

tude of the place, to find the duration of twilight.

4. A cylindrical vessel, l6 feet high, empties

itself in four hours by a hole in the bottom.—What
space does the surface describe in each hour ?

5. Prove that if two circles touch each other

externally, and parallel diameters be drawn, the

straiglit lines, which join the opposite extremities of

these diameters, will pass through the point of

contact.

6. A ball, whose elasticity : perfect elasticity ::

nil, falls from a given height upon a hard plane,

and rebounds continually till its whole motion is

lost.—Find the space passed over.

7. If a body revolves in any curve, compare the

angular velocity of the perpendicular with that of

the distance.

8. How far must a body fall externally to acquire

the velocity in a circle, the force varying as the

distance ?

9. Given the right ascensions and declinations

of two stars, to find their distance.

10. Find the velocity, with which air rushes

into an exhausted receiver.

1 1. Let the roots of the equation x^ — px^-\-qx —

r= be «, b and c, to transform it into another,

whose roots are a*, hr, c'^.
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12. I'^iiul the fluent where a is less
1 + 2az-\-z^

than 1 ; and of ,~—

^

—

13. Find tliat point in the ellipse, where the

velocity is a geometric mean between the greatest

and least velocities, the force varying yr^

.

14. Determine the position of a line drawn from

a given point to a given inclined plane, through

which the body will fall in the same time as through

the given plane.

1 5. The equation jt^ — 5 a^- + 8 x—4=0 has two

equal roots.—Find them.

16. Find the sum of the cube numbers 1 +8 +
27 + &c. by the differential method ; and sum the

following series by the method of increments :

1 . 2 4- 2 .3 + 3 .4 + &c. w terms.

1 1 1 , , . o •

-\ + -— occ. n terms and ad mnnitum.
1 .2 2.3 3.4

17. If half of the earth were taken off by the

impulse of a comet, what change would be produced

in the moon's orbit?

18. Prove that if the eye be placed in the prin-

cipal focus of a lens, the image of a given object

would always appear the same.

19. Find the time of emptying a given parabo-

loid by a hole made in the vertex.

20. Find the proportion between the centripetal

and centrifugal forces in a curve ; and apply the

expression to the reciprocal spiral.
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Afternoon Problems.—Mr. Dealtry.

FIFTH AND SIXTH CLASSES.

1

.

Prove that an arithmetic mean is greater than

a geometric.

2. Every section of a sphere is a circle.—Re-

quired a proof.

3. If ^ of an ell of Holland cost \£. what will

12-1- ells cost?

4. Prove the method of compleating the square

in a quadratic equation.

5. Take away the second term of the equation

x'—l^x 4-5 = 0.

6. Inscribe the greatest rectangle in a given

circle.

7. Sum the following series :

1+3 +5+7 + &c. to n terms.

3 - 1 + + &c. ad inf.
3 9

I 1 1 o J • r+ — H &c. ad int.
1 .2.3 2.3.4 3.4.5

8. Find the value of x in the following equations

:

42.T _ 35 j:

X - 2
~

a: — 3

j? + la:+2 ,^ x + 3= 10
2 3 4

3.r-— 14.r + 15 = 0.

9. In a given circle to inscribe an equilateral

triangle.

10. Two equal bodies move at the same instant

from the same extremity of the diameter of a circle

with equal velocities in opposite semi -circles. Re-
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quiivd tlic
J).!!!!

described by the centre of gravity

;

find the path also when the bodies are unequal.

11. Tiirough what chord of a circle must a body

f;ill to acquire half the velocity gained by falling

through the diameter?

12. Given the latitude of the place and the

sun's meridian altitude, to find the declination.

13. Given the sun's altitude and azimuth and

the latitude of the place, to find the declination and

the hour of the day.

14. Prove that the velocity in a parabola : velo-

city in a circle at the same distance :: >/2 : 1.

15. How far must a body fall internally to ac-

quire the velocity in a circle, the force varying yr^?

Evening Problems.—Mr. Dealtry.

FIRST, SECOND, THIRD, AND FOURTH CLASSES.

1. Find four geometric means between 1 and 32,

and three arithmetic means between 1 and 1 1.

2. Suppose a straight lever has some weight, and

at one end a weight is suspended equal to that of

the lever; where must the fulcrum be placed,

that there may be an equilibrium ?

3. Determine the latitude of the place, where

the sun's meridian altitude is 73°. 24'. 13". its de-

clination south being l6°. 36'. 47".

4. If Q represent the length of a quadrant,

whose radius is /?, and the force vary y-, , the time
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of descent half way to the center of force : the

time through the remaining half :: Q-^ R : Q— R.

Required a proof.

5. P and fF represent two weights hung over

a fixt pulley ; supposing P to descend, what space

will it describe in t", the inertia of the pulley being

taken into the account ?

6. If a pendulum, whose length is 40 inches

would oscillate in l" at the pole of a sphere, the

radius of which is 4000 miles ; what must be the

time of rotation round its axis, that the same pen-

dulum at the equator may oscillate twice in 3" ?

7. A given cone is immersed in water with its

vertex downward ; what part of the axis will be

immersed, if the specific gravity of the fluid : that

of the cone : : 8 : 1 ?

8. The axis of a wheel and axle is placed in a

horizontal position, and a weighty, which is applied

to the circumference of the axle is raised by the

application of a given moving force p applied to the

circumference of the wheel
;
given the radii of the

wheel and axle, it is required to assign the quan-

tity 1/, when the moment generated in it in a given

time is a maximum, the inertia of the wheel and

axle not being considered.

9. Would Venus ever appear retrograde accord-

ing to the Tychonic system ?

10. A perfectly elastic ball begins to fall from a

given distance SA in a right line towards the center

of force S, the force varying -y^; in its descent, it

impinges upon a hard plane OP inclined to Sj4 at

D
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a given angle, and after describing' a certain curve

comes to the plane on the other side, and is then

reflected to the center ; find the nature of this

curve ; and determine the whole time of descent to

the center S in terms of the periodic time of a body

revolving in a circle at the distance S/i.

11. Let parallel rays be refracted through two

contiguous double convex lenses ; find the focal

length on the supposition that the radii of all the

surfaces are equal, and the sine of incidence : sine

of refraction :: 5 : 4.

12. Given the latitude of the place and the de-

clination of the sun, the former being less than the

latter ; to find at what time of the day the shadow

of a stick would be stationary, and how far it would

afterwards recede on the horizontal plane.

13. Transform the equation x'' —paf^~ ^ + g
x"~^

— &c. = into one, whose roots are the reciprocals

of the sum of every n—l roots of the original equa-

tion.

14. A body descends down the cycloidal arc

AM, the base AL being parallel to the horizon and

Mthe lowest point of the cycloid : determine that
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point where its velocity in a direction perpendicular

to the horizon is a maximum.
15. Construct the equation a'y— x^y — c^^O.

16. Compare the time of descent to the center

in the logarithmic spiral with the periodic time in

a circle, whose radius is equal to the distance from

which the body is projected downward.

17. Given the difference of altitudes of two

stars, which are upon the meridian at the same time,

and their difference of altitudes and difference of

azimuths an hour afterwards, to find the latitude of

the place.

18. A person's face in a reflecting concave de-

creases to the principal focus, and then increases in

going from it.—Required a demonstration.

19. Prove that the mean quantity of the disturb-

ing force of *S' upon P, in the 66th proposition of

Newton, during one revolution of P round T, is

ablatitious, and equal to half the mean addititious

force.

20. The time of the sun's rising is the time

which elapses between the appulse of the upper and

under limb of the sun's disc to the horizon ; given

the sun's apparent diameter and the latitude of the

place, it is required to determine the declination,

when this time is a minimum.

21. Through a given point situate between two

right lines given in position, to draw a third line

cutting them in such a manner, that the rectangle

under the parts intercepted between the point and

the two lines may be a minimum.
22. Let a spherical body descend in a fluid from
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rest ; having given the diameter of the sphere, and

its specific gravity with reference to that of the fluid,

it is required to assign the velocity of the sphere at

any given point of tlie space described.

23. The distance of the centre of gravity from

the vertex of a sohd formed by the rovolution of a

curved surface is ^> of its axis.—Determine the

nature of the generating curve.

24. Suppose a given cylindrical vessel filled with

water to revolve with a given angular velocity round

its axis,—Required the quantity contained in the

cylinder, when the water and cylinder are relatively

at rest.

25. Sum the following series :

10 14 18
. X+ 1- r-r- + ^^' to n terms and

1.2.3.4 2.3.4.5 3.4.5.0

ad inf.

5 1 6 1 7 1 „ , . ^

1.2.3 2" 2.3.4 23 3.4.5 2"

1 &c. ad inf.
1.3 3.5 5.7

26. Given the fluent {a+ c z")'" x z^'"
+

"
-

' z to

find the fluent {a+ c %'')"' + ' x z^"-' z ;

V / fT' -A-
X' Z Z

Required also fluent Ux ; and of — ,

G being a whole positive number.

Morning Prohlems.—Mr. Dealtry.

FIRST AMD SECOND CLASSES.

1. Inscribe the greatest cone in a given spheroid.
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2. A parabolic surface is immersed vertically in

a fluid, whose density increases as the depth, with

its base contiguous to the surface of the fluid ; find

upon which of the ordinates to the axis there is the

greatest pressure.

3. Solve the equation x^ — px' + qx — r =0,
whose roots are in geometric progression.

4. Suppose the reflecting curve to be a circular

arc, and the focus of incident rays in the circum-

ference of the circle^ to find the nature of the

caustic.

5. If the sine of incidence : sine of refraction ::

m : n, required the focal length of a hemisphere,

the rays falling first on the convex side.

6. If the subtangent of a logarithmic curve be

equal to the subtangent of the reciprocal spiral,

prove that the arc intercepted between any two rays

in the spiral is equal to the arc intercepted between

any two ordinates of the curve respectively equal to

the former.

7. In what direction must a body be projected

from the top of a given tower with a given velocity^

so that it may fall upon the horizontal plane at the

greatest distance possible from the bottom of the

tower ?

8. Draw an asymptote to the elliptic spiral.

9. If water or any fluid ascends and descends

with a reciprocal motion in the legs of a cylindrical

canal inclined at any angle, to find the length of a

pendulum which will vibrate in the same time with

the fluid.
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10. Find the fluent vx.r, where v = hyp. log.

(.r + >/.r* + a-).

11. The centrifugal force at the equator arising

from the rotation of the earth round its axis : the

centrifugal force in any parallel of latitude :: (rad.)' :

(sine.)" of the co-latitude.—Required a proof.

^ 12. Given the latitudes of two places together

with their difference of longitudes, to find the

declination of the sun, when it sets to the two

places at the same time.

13. Required the equation to a curve, whose

subtangent is equal to n times its abscissa.

14. If the force vary yyrt+i? ^^^ ^^^ must a

body fall externally to acquire the velocity in any

curve, whose chord of curvature at the point of

projection is c? and apply the expression to the

parabola and logarithmic spiral.

Afternoon Problems.—Mr. Palmer.

THIRD AND FOURTH CLASSES.

1. Find the value of £ 123333, &c.

2. Determine geometrically a mean proportional

between the sum and difference of two given straight

lines.

3. What is the general form of parallelograms,

whose diameters cut each other at right angles ?

4. Investigate the area of a circle, whose dicmeter

is unity ; and prove that the areas of different cir-

cles are in a duplicate ratio of their diameters.
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5. Divide a given line into two parts, such that

their product multipHed by their difference may be

a maximum.

6. Prove that in any curve the velocity : velo-

city in a circle at the same distance (SP) ::

;>ychord of curvature : >/2«S'P.

7. A body projected from one extremity of the

diameter of a circle^ at an angle of 45", strikes a

mark placed in the center. Required the velocity

of projection and greatest altitude.

8. Find the area of a curve whose equation is

_ "^

9. In how many years will the interest due upon

^100. be equal to the principal, allowing compound

interest ?

10. Admitting the periods of the different pla-

nets to be in a sesquiplicate ratio of the principal

axes of their orbits, shew that they are attracted

towards the sun by forces reciprocally proportional

to the squares of their several distances from it.

11. Prove that in the course of the year the sun

is as long above the horizon of any place as he is

below it.

12. Determine the limits within which an eclipse

of the sun or moon may be expected ; and shew

what is the greatest number of both which can

happen in one year.

13. Prove that the time in which any regular

vessel will freely empty itself : time in which a

body will freely fall down twice its height :: area ,

of base : area of orifice.
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14. Find the fluents of
sj a - X a - X

15. Find tlie principal focus of a lens; and shew

how an object may be placed before a double con-

vex lens, that its image may be inverted and mag-

nified so as to be twice as great as the object.

16. Prove that Cardan's rule fails unless two

roots of the proposed cubic be impossible ; and de-

termine whether that rule be applicable to the

equation x^ - 2:^'J x -SS4—0,
17. Deduce Newton's general expression in

Sect. 9. for the force in the moveable orbit.

18. Define logarithms^ and explain their use;

also, prove that log. Ax 5 = log. ^-flog. B.

19. Explain the different kinds of parallax;

and shew from the want of parallax in the fixed

stars, that their distance from the earth bears no
finite ratio to that of the sun.

Afternoon Problems.—Mr. Palmer.

FIFTH AND SIXTH CLASSES.

1. How many yards of cloth, worth 3s. 7 2^-

per yard, must be given in exchange for 935 ^ yards^

worth 1 8s. 1 ^d. per yard ?

2. Find the interest of £873. 1 5s. Od. for 2|
years, at 44 per cent.

S. Prove that the diameters of a square bisect

each other at right angles.

4. Prove the opposite angles of a quadrilateral

figure inscribed in a circle equal to two right angles.
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5. Prove that if A oa B when C is given, and

^ocCwhen B is given, when neither B nor C is

given, A oc BC.

6. Prove radius a mean proportional between

tangent and cotangent; and that sine x cosine oc

(sine)^ of twice the angle.

7. Given the sine of an angle, to find the sine

of twice that angle.

8. Prove that in the parabola (ordinate)* =
abscissa x parameter.

9. Extract the square root of a^— ^r^.

10. Solve the equation 3j?^-19a?-|-l6 = 0.

11. Prove that motion when estimated in a given

direction is not increased by resolution,

12. Find the ratio o{ P : JV when every string

in a system of pullies is fastened to the weight.

13. Prove that time of oscillation or '^ ^
-

'.

^ force

14. Prove that when a fluid passes through pipes

kept constantly full, velocity ex: -.— .^ J '
J area or section

15. Define the center of a lens ; and find the

center of a meniscus.

16. Find the fluxion of s/a? -\- x^—^ a^ - x^.

17. Prove elevation of the equator above the

horizon = co-latitude.

18. Prove that sagita oc (arc)-.

19. Prove that in the same orbit velocity oc .

perp.
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Evening' Problnns.—Mr. Palmer.

FIRST, SE(OND, THIRD, AND FOURTH CLASSES.

1. When J," 100. stock may be purchased in the

3 per cents, for £^9], at what rate may the same

quantity of stock be purcliased in the 5 per cents,

with equal advantage ?

2. A ball of wood being balanced in air by the

same weight of iron_, how will the equilibrium be

affected when the bodies are weighed in vacuo? and

by what weight of wood, properly disposed, may
the equilibrium be restored?

3. Investigate the value of the circumference of

a circle whose radius is unity.

4. Compare the areas of the parabolas described

by two bodies projected together from the same

point, and with the same velocity, towards a mark

situated in an horizontal plane, the angles of

elevation being to each other :: 2 : 1.

5. Prove the rule for finding the quadratic di-

visors of any equation ; and apply it to the equation

x'^- 17:r^ + 88.r*- 172^ + 112 = 0.

6. On what point of the compass does the sun

rise to those who live under the equinoctial, when

he is in the northern tropic ?

7. How many equal circles may be placed around

another circle of the same diameter, touching each

other and the interior circle ?

8. Determine the resistance of the medium in

which a body by an uniform gravity may describe a

parabolic orbit ?
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9. Prove that a body moving in the reciprocal

spiral, approaches or leaves the center uniformly.

10. Find the velocity and time of flight of a

body projected from one extremity of the base of an

equilateral triangle, and in the direction of the side

adjacent to that extremity towards an object placed

in the other extremity of the base.

11. Define similar curves ; and prove that con-

terminous arcs of such curves have their chords of

curvature at the point of contact in a given ratio.

12. Compare the time of a revolution about the

center of a given ellipse, with that about its focus.

13. Find the attraction of a corpuscle placed in

the axis of a cylindrical superficies, whose particles

attract in an inverse duplicate ratio of the distance.

14. Prove that if the center of oscillation of a

pendulum be made the point of suspension, the

former point of suspension becomes the center of

oscillation.

15. Determine the content of the solid generated

by a semicircle revolving about a tangent parallel to

it's base.

16. Find the fluents of

JC~''X 3^_j , _ vv

17. Sum the series l— — + — 4- &c. ad
2-^ 25 2'

inf. and also to n terms.

1 1 1 , e . . 1 1 1

+—^-f—=+ &c. to ?z terms, + :7—

+

1.5-1.6^3.7 "1.3 3.7^5.11

+ &c. ad inf

18. Required the sun's place in the ecliptic.
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when the increment of his dechnation is equal to

that ot liis rijrht ascension.

19. Prove that the force hy which a body may
describe a curve, whose ordinates arc parallel, is

proportioned to ±y ; and determine the quantity q
such that force :=<yx ±y.

20. Compare the times in which a cylinder,

whose axis is parallel to the horizon, will discharge

the first and last half of its content through an

orifice in its lovvest section.

21. Prove that the image of a straight line

immersed in water appears concave to an eye placed

any where between the extremities of the line.

22. At what distance from the earth would the

apparent brightness of the moon be equal to that of

Saturn and his ring together, supposing the apparent

brightness of Saturn to that of his ring :: 2 : 1 ?
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1803.

Morning Problems.—Mr. Hornbuckle.

FIRST AND SECOND CLASSES.

1. Find six geometric means between the

numbers a and b.

2. Half the breadth of any very thin glass lens

is a mean proportional between its thickness and

focal length nearly. The demonstration is required.

S. Find the integral of x^, x being unity.

4. Sum the series — H—; H h &c. from the
r 3- 52

series expressing the cosine of a given arc in terms

of the arc.

5. In what part of the moon's orbit is her gravity

towards the earth unaffected by the action of the sun ?

6. A globe of given weight is supported between

two planes inclined to the horizon at the respective

angles of 6o° and 30*^. Compare the weights sus-

tained by the planes with each other and with the

whole weight.

7. Shew that a particle in the vertex of a tri-

angle, from which a perpendicular falls on the base,

is attracted towards the segments of the base with

forces which are to each other inversely as the se-

cants of the angles at the base ; the law of attraction

being the inverse square of the distance.
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8. Two stars, whose right ascensions and decli-

nations are given, arc on the same azimuth, and

the altitude ot" one of them is known ; the latitude

of the place is required.

9. Determine geometrically those points in an

ellipse in which the centripetal and centrifugal

forces are equal, the center of force being in the

center of the ellipse.

10. Find the time of vibration of a cylindrical

rod of given length suspended at one end, the den-

sity of which varies as the distance from the point

of suspension.

11. Into how many parts must a given quantity,

Q, be divided^ that their continued product may
be a maximum ?

12. The altitude of the mercury in the gauge of

a receiver is a inches, the standard altitude being h

inches, after n turns ; compare the capacities of the

receiver and the barrel.

13. A ring of given weight descends by its

gravity down the arc of a given quadrant which

revolves uniformly about its axis perpendicular to

the horizon in t" . Find the velocity of the ring at

any point of its descent.

Afternoon Problems.—Mr. Woodhouse.

THIRD AND FOURTH CLASSES.

1. Of right-angled triangles having the same

base, determine that, down whose hypothenuse a

body descends in least time.
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2. Compare the angular velocities of SP and Sy^

when a body moves in an ellipse, force in focus.

3. What is the space through which a sphere

sinks in water ; the specific gravity of sphere being

i- of specific gravity of water ?

4. From what arguments is it inferred that the

earth's form is not spherical ?

5. Required length of pendulum vibrating 180

times in a minute.

6. A and B hang over a pully, and A= 2B;
through what space will a body descend by the

action of gravity, whilst A descends two feet?

7. To what height would a body moving in an

ellipse round the center ascend, if projected up-

wards in the direction of a line from the center, with

the velocity with which it revolves ?

8. Explain the construction of the common

pump.

9. What must be the form of the vessel EFGj
so that the pressure on every horizontal section, as

AB, shall be the same ?

7'^

10. If parallel rays pass through a prism wliose

refracting angle is small, and the angle of incidence

be also small, shew that the deviation is propor-

tional to the refracting angle.
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1 1

.

Find the expression for the force of the body

in the moveable orbit, supposing the immoveable

orbit to be an ellipse with force in centre.

12. The focal length of a sphere is n times the

radius of the sphere. Required proportion of sines

of incidence and refraction.

13. Draw a line to touch two given circles.

14. Find the area of an equilateral and equi-

angular octagon.

15. If a globe in its quantity of matter = a cylin-

der that could exactly circumscribe it, what is the

proportion between the densities of the globe and

cylinder?

16. Given the height (Ji) and radius (?•) of a

section of the outer surface of a cylindrical shell, to

find the thickness of the shell, when its quantity of

matter = quantity of matter in sphere (rad r), (den-

sities the same) ; shew also, than what line, li must

necessarily be greater.

17. Give the definition of the fluxion of a quan-

tity, and, from such definition, find the fluxion

of X".

18. Find area of curve, the ordinate (y) of which

h

19. Sum n terms of 1-1 h —r. + rs— , &c.
4 lb 64'

20. Shew how the logarithm of 101 may be

found.

21. Which is greater, x'^ -j-3/^, or x"y +y^x, xl y}

22. If from any point within an equilateral tri-



1803.] CAMBRIDGE PROBLEMS. 41

angle, perpendiculars be drawn to the three sides,

their sum equals a perpendicular drawn from one of

the angles on the opposite side. Required proof.

Evening Problems.— Mr. Woodhouse.

1

.

Two weights, A = 5, 3 = 3, hang over a puUy

:

What must be the length of a pendulum that makes

one oscillation, whilst A descends one foot?

2. In a cylinder filled with water to the height

(A), place a sphere, whose specific gravity = 3- of

the specific gravity of water ; and whose diameter

very nearly equals that of the cylinder : What
will be the ascent of the water ^

3. Given the horizontal refraction (h), find how

much the rising of the sun is accelerated by it.

4. Let three points with velocities, ^, P^', V",

move the same way, uniformly in the periphery of

a circle. Required the time of their conjunction,

supposing them to quit a given point at the same

time.

5. Sun's meridian altitude on longest day = 63^
14'. Required latitude of place.

6. Determine the form of a surface, such, that

rays issuing from a given point, may, after refrac-

tion, be made convergent to another given point.

7. Let a body be projected obliquely to the dis-

tance, with a force varying as n^"^ power of the

distance : shew in what values of n the angle be-

tween the apsides will not be affected by the ex-

centricity of the orbit.

F
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8. A timipcndulous body in an uniformly re-

sisting medium is accelerated by a force varying as

the distance from the lowest point in the curve.

Required the point where the velocity is the great-

est; and also, the time of one oscillation.

9. Given the apparent diameter of the sun at

the mean distance, and the angular distance from

apogee ; to find the sun's apparent diameter.

10. A body with a velocity of 80 feet per second

is projected upwards, along a j)lanc 50 feet long,

and inclined to the horizon at an angle of 30^ : prove

that the body, after quitting the plane, describes a

parabola; and find the parameter.

11. The length of the solar year being 365^ 5\

48' 49". shew that the intercalations may be deter-

.

'
• rr .• 4 29 33 128

mmed from a series ot tractions, as - , -^ ,
—

-,
——

,

1 / 8 31

^ 2704 2865 5569 86400 ,, ^^at, the
39 ' 655 ' 694 ' 1349' 20929'

intercalation of 1 day in 4 years is too great, of

7 days in 29 years too little, of 8 days in 33 years

too great, &c. &c.

12. If, on the inner surface of a paraboloid, a

body whirled round as a circular pendulum (the

point of suspension being in the axis of the parabo-

loid) describes a circle, then the time of revolution

is the same, whatever is the circle, and equal to

two oscillations of a common pendulum, the length

of which equals the semi-parameter of the parabola.

Required proof

13. What sum ought to be given for the lease

of an estate for 20 years, of the clear annual rent of
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£ 100. in order that the purchaser may make 8 per

cent, of his money ?

14. S'm.nA = 2cos.J.s'm.{n— l)A—sm.{?i — 2)J.

cos.nA=2cos.Acos.{n— l)A — cos.(n~ 2)A.

Required proof.

15. a, b, c, &c. being any quantities, make Aa=
b-a, A^a= c — 2b-^a, A^a = d—3c-{-3b- a, &c.

a Aa.x
+

1 -X^ (1-07)^^(1-^)'
then, a + bx + ex" + &c.

:

-J-&C. Required proof.

by cy
16. Find the integral equation of ««/ H—? + ~^

= O, «, b, c, being constant.

17. (a+ *)(a + *-l)(«+ ^— 2). .(a + 6—w+l)
=r«(a— 1) (a--2)...(a— w + l) + a (a- l) {a- 2)

{a — n + 2) nb
' 11 fi — 1

-\-a(a-l)(a~2)...{a—n + 3). — b.{h-\)

+ &c.

^b.{b-.\) (b-a) .... (b-n+l).
Required proof.

18. If a cylinder and inscribed sphere be cut by

two parallel planes perpendicularly to the axis,

prove that the surfaces of cylinder and of sphere

included between the planes, are equal.

- 19. ABC is a semicircle, ADC a quadrant:

^ C
prove that the line BA always=-B/>; and that the
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longer only of the lines /IB, CB, can cut tlie

quadrant.

'20. Let a, h, c, be the sides of any rectilinear

triangle; })ut S= a + b-{-c; then the area is equal

to the square root of this product, viz.

Required proof.

21. Let 6", S", S", be the respective projections

of any plane surface *S, on the three co-ordinate

planes, then S' = S'- + S'" + 8"'^ Required proof.

22. Shew that there can only be five regular

polyhedrons.

23. Of all isoperimetrical polygons having the

same number of sides, the greatest is that which is

equilateral. Required proof.

Morning Problems.—Mr. Woodhouse.

FIRST AND SECOND CLASSES.

1. The straight line ^'5^' = the semi-cycloid

ABV, and touches it at the middle point B : corn-

el ^/

pare the time of describing A'BV with the time of

half an oscillation.

2. Let the reflecting curve be a circular arc, and

let parallel rays be incident in its plane; find the
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cusp of the caustic, and prove the density of re-

flected rays to be there greater, than at any other

point.

3. Two bodies from different distances fall to

the center of force (^ force ^yr—r;) ; then shew,

that the times of their descent are in the sesquipli-

cate ratio of the whole spaces described.

4. Compare the times of emptying (on the

common hypothesis) through equal orifices, two

prisms of different heights and bases.

5. Prove that at the point where the L SPy (in

any curve) is a minimum, the angular velocities of

SP and Sy are equal ; and determine that point in

an ellipse, force in focus.

t/ 6. If a body fall down the axis of a right-angled

cone, the vertex downwards and axis vertical,, in

what point of its descent will it have acquired velo-

city sufficient to describe a circle on the surface of

the cone, when whirled round as a circular pendu-

lum ?

7. The force varying as the distance, project a

body from a given distance [d), at a given angle (a)

:

investigate the orbit after the manner of the 8th

section.

X' x^
8. Transform .r h — — &c. into a series as

ax d x^ d' x'

\-\-x {\-\-xY {\-^xY

9. Find a number, of which divided by 2, 3, 5,

respectively, the remainders are 1, 2, 3.

10. Determine the length of the curve, in which
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the rcctanolo of the abscissa and ordinate = the

rectangle of the subtangent and a given hne (a).

11. Shew the method by which Archimedes

approximated to the length of the circle.

12. Of all triangles having the same base and

perimeter, the isosceles triangle is that of which the

area is the greatest. Required proof.

13. The surface and solidity of a sphere are re-

spectively equal to two thirds of the surface and

solidity of the circumscribing cylinder, the area of

the bases of the cylinder forming part of its surface.

Required demonstration.

14. Prove that the surface of a sphere can be

completely covered with the surfaces either of 4, or

of 8, or of 20 equilateral spherical triangles.

Afternoon Problems.—Mr. Hornbuckle.

THIRD AND FOURTH CLASSES.

1. In what time will the interest of^ 1 . amount

to lbs. allowing A^ per cent, simple interest?

^ ^ , , ^ „ - • l6 100 — Qa:
2. solve the loUowmg equations — = 3

x^y -\- ifx — 30^

1 1 _ 5

X y 6,

3. Extract the square root of 7— 4>/3.

4. Find, by means of a given circle, two angles

whose sines are in the proportion of 9 '• 4.

5. Two bodies, A and a, are projected perpen-
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dicularly upwards with the velocities /^'and v : How
high will their common center of gravity ascend ?

6. Determine that part of the inclined plane AC

through which a body will descend from rest in the

time of describing AD.
7. Find the focal length of a meniscus whose

thickness is inconsiderable.

8. The reflecting curve is the logarithmic spiral

and the radiating point in the center. Construct

the caustic.

9. At what angle must the rudder of a vessel be

inclined to the stream that the effect produced may

be a maximum?

10. Prove z = Fx, z being the space fallen through

by the uniform force, 1, to acquire the velocity.

11. Prove the differential method by the method

of increments.

12. A cylindrical tube, 40 inches long, is half

filled with mercury and then inverted : How high

will the mercury stand, the standard altitude being

supposed 30 inches?

13. Required the velocity with which the air

will rush into an exhausted receiver.

14. Find the fluentsof .ri'>ya' — x^, . . , a^x.
X y/x^a
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15. Investigate Cardan's rule for the solution of

a cubic equation, and shew that it lails if all the

roots are possible.

16. Shew that the general equation to the ap-

sides can have but four possible roots.

17. Shew where an inferior planet is a morning

or evening star,

18. Prove that when Aries rises, the ecliptic

makes the least angle with the horizon, and that

this angle continually increases to its setting.

19. Render Newton's expressions for the law of

force in his second section general.

20. If a body fall from a finite distance, and a

given ellipse be described whose axis major is this

distance, prove that the area described by the radius

vector SD is equal to the area described in the

same time in a circle at the distance of half the

latus rectum of the ellipse from the same center.

Evening Problems.—Mr. Hornbuckle.

1. Find the equated time of payment of two

sums S and .v, due at T and / years hence respec-

tively, allowing simple interest.

2. A body is projected from the top of a tower

of a given height, at a given angle of elevation, and

with a given velocity : find the range described on

a plane drawn from the base of the tower at any

given angle of inclination to the horizon.
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3. The circumference of a given circle revolves

uniformly about its diameter with a given angular

velocity : compare the momentum of the circum-

ference with that of those sides ofthe circumscribed

square which are parallel to the axis of motion.

4. Suppose the axis major of a spheroid : the

distance between the foci :: sine of incidence :

sine of refraction, and that rays parallel to the

major axis are incident on the convex surface ; at

that point in which any ray is incident draw a

tangent to the ellipse, and a perpendicular to the

tangent cutting the axis major ; also join the point

of incidence and each of the foci. It is required to

prove, without any other construction, that the ray

will be accurately refracted to the farther focus.

5. Sum the following series :

1 2 1 31 4 1 5,g ,.fX X - ^ >< X 7i + &c. ad int.

1.2 3 2.3^4^3.4 5 4.5 6

and 1 -^ + H &c. to /? terms and
1.2.5 2.3.6 3.4.7

to infinity.

6. Given the apparent perpendicular depth of

an object under the water, to find the direction in

which a ball must be fired from a given situation

to hit it, the path of the ball being supposed recti-

linear.

7. Investigate the fluxional expression for the

content of a solid, and apply it to find the content

of that, which is generated by the revolution of a

curve about its axis, whose equation is ?/ = hyp. log.

G
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(1 4-.r), .r boiiio tlie abscissa, and // the correspond-

ing ordinate.

8. Prove tliat the sum of the infinite series

—, — .TT
"}--:, — <xc. =-

—

, Q. being a quadrantal arc

to radius 1

.

9. The sum of tlie m"* powers of the roots of

7)1
the equation x" — 1 =: O is w, if - be anv whole

71

number ; and O, if it be a fraction. Required a

proof.

10. Compare the space described in one second

by the forc.e of gravity in any given latitude with

that which would be described in the same time,

if the earth did not revolve round its axis.

11. At the extremity of the arms of a given

lever are suspended respectively the weights p and

q ; supposing p to descend, and the lever to revolve

round the fulcrum ; it is required to determine the

angular velocity of the lever at any point of its de-

scent from an horizontal to a vertical position ; the

inertia of the lever being neglected.

IS. Required the length of the longest ladder

O

B\

that can be slided up a wall AB from the horizon-

tal plane CB, under an obstacle given in position.
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is. Prove the diurnal path of the shadow of any

object perpendicular to the horizon in all latitudes

a straight line, when the sun is in the equinox.

14. The refracting curve is the logarithmic spiral,

and the radiating point in the center. Construct the

caustic.

15. A flexible string of given length is wrapped

round a cylinder whose weight and dimensions are

given ; one end of it being fixed to the surface of the

cylinder, and the other to a tack: ifthe cylinder be

suffered to descend by its gravity, it is required to

find the time in which the whole string is un-

wound, and the velocity acquired.

16. Given the force of gravity on the earth's sur-

face ; the periodic time of the moon, and her mean
distance. It is required to compare the quantities of

matter in the moon and earth.

17. Fmd the fluents of

beinii a whole number.

18. Construct a vertical east dial,

19. A vessel of given dimensions in the shape of

a paraboloid is filled with water, and revolves uni-

formly round an axis perpendicular to the horizon.

Required the time of rotation that it may just be

emptied.

20. Find the fluxional expression for the force

tending in lines parallel to the axis of a curve, when

the oscillations therein are isochronous; and apply

it to the catenary.
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21. A tiag-staff of given hcigfit is erected on a

tower whose lieight is also given : at vvliat point on

the horizon will the flag-staflf appear under the

greatest possible angle ?

22. Find the pressure sustained by a given hori-

zontal plane ; the height of the atmosphere being

infinite, and its density being supposed uniform and

w times as great as that at the earth's surface.
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1804.

Morning Problems.—Mr. Hudson.

FIRST AND SECOND CLASSES.

1. i oiNT out the difference in principles, in

exhaustions, indivisibles, prime and ultimate ratios,

and the method effluxions.

2. Find the integral of

r \ / ^ \ ^

(.^'-*- 2m). (a?— 5m) .(x~m) .{x—5m)+ - —^— ^, the

increment of (a?) being expressed by (m).

v^ 3. ^ and i? play, by turns, 2 bowls with equal

skill ; A wants 3 of the game, and B 2 ; find their

respective probabilities of winning.

4. Two elastic balls, beginning their motion

from different points in the same right line perpen-

dicular to an horizontal plane, are inflected along

the plane with the velocities acquired, by a hard

plane inclined to their direction at an angle of 45°;

given the distance at which one impinges on the

other on the horizontal plane, and the point from

which one of them descended, to find the point from

which the other began its motion.

5. With a given straight line perpendicular to
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the horizon, as radius, and the lower end as center,

describe a circle, and draw a tangent at its extre-

mity; if any radius of this circle represent the

position of an inclined plane, and a body be pro-

jected on it with the velocity acquired in falling

through the given line, the space described on this

plane in the time of its descent will be equal to the

radius of the circle, together with the perpendicu-

lar drawn from the intersection of the plane and

the circle to the tangent.

6. Let the atmosphere be supposed to consist of

equally elastic particles, which at different distances

repel each other with forces inversely proportional

to the squares of the distances between their centers,

and let the tube of a barometer be partly filled with

mercury, and then its open end immersed in a bason

of the same fluid ; investigate an equation for find-

ing the height of the mercury in the tube,

7. At a certain place in a given north latitude, .

the sum of the sun's declination and altitude was

observed at a given hour in the morning; find the

sun's altitude and declination.

8. Let a small reflector be moved along an hori-

zontal plane with its surface parallel to it, and let an

object move in a straight line perpendicular to the

plane, and so as to be always at the same distance

as at first from the reflector ; find the locus of an

eye, which being always equidistant from the re-

flector, shall see the image.

9. Three known rectilinear objects placed con-

tiguous, and in the same right line, appeared to the
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eye of a spectator of the same length ; find his

position.

10. Let a body be projected at an angle of 45''

with the horizon, and suppose the arc of the earth's

surface intercepted between the points of projection

and incidence to be 6o° ; find the velocity of pro-

jection.

1 1

.

Let the earth be supposed a sphere of given

magnitude, and to revolve about its axis in a given

time ; compare the weight of a body at its equator

with its weight in a given latitude.

\2. Investigate the rule for finding by fluxions

the center]of oscillation of any line, surface^ or solid.

13. Find the solid content of a section of a given

spheroid made by a plane coincident with the ordi-

nate of a given diameter, and cutting the diameter

at a given distance from the center.

14. Find the locus of the vertex of a triangle

described on a given base ; 1 . when the sum of the

ansles at the base is given : 2. when one of them

is always double the other.

Morning Problems.—Mr. Woodhouse.

FIRST AND SECOND CLASSES.

1. Required two geometric means between 10,

and 100.

2. b = «-n/K--^^^)
. Required x.
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'A. Prove that tanjj.- = —^

—

'—'— (radius 1).

4. Prove that if the diflbrence between tlie

digits of the odd and even places in any number
be adjoined to the number, the result is divisible

by 11.

5. Suppose a square and its circumscribing cir-

cle to revolve round a diagonal of the square;

compare the surfaces and solidities of the solids

generated.

6. Shew how the circumference of an ellipse may
be computed, of which the excentricity is . 99, the

semi-axis major being 1.

7. Given the force at earth's surface, earth's

radius, and moon's distance, to find the moon's

periodic time.

8. Find the fluent of

^-^^^; and prove /-^^j-^^,

contained between the values of x, O and 1, to

9. Explain the principle on which achromatic

telescopes are constructed.

10. If parallel rays fall on equal apertures of

spherical reflectors, the lateral aberrations vary in-

versely as the squares of the radii of the reflectors.

Required proof.

11. What sum of money ought to be paid every

three years instead of £lOO. paid annually, the

rate of interest being 5 per cent. ?
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12. Shew that the rectification of the hyperbola

may be deduced from that of the ellipse.

13. Shew that if the moon's velocity were in-

creased, her synodic revolution would differ less

from her sidereal.

14. In the lemniscata, whose equation is (x* -\-y"f
—yi — s% it is required to assign two arcs equal to

one another.

Afternoon Problems.—Mr. Hudson.

THIRD AND FOURTH CLASSES.

1. In a system of notation whose local value is

(a), in any multiple of (a — l) the sum of the digits

is either equal to (a - 1), or a multiple of it.

2. Any power of a cube root of unity, is itself

a cube root of unity.

3. If two circles touch each other, any straight

line passing through the point of contact cuts off

similar parts of their circumferences.

4. If from the angular points of any plane trian-

gle, three straight lines be drawn through the same

point within it to the sides, 6 segments will be

formed ; shew that the solids, measured by 3 that

are not contiguous, are equal.

5. Given the tangents of two arcs of a given

circle, to find the tangents of the arcs which are

equal to their sum, and difference.

6. A person wishing to determine the height of

an obelisk standing on a declivity, measured a given

H
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distance from its base, and took its elevation ; and

goinjTj on in the same direction a given distance,

took its elevation again ; shew liow the altitude may
be found from these data.

7. Given the perimeter, the vertical angle, and

the perpendicular in a plane triangle, to construct it.

8. Solve the equations,

1. 3.r^ + .r^ = 3104.

3 . r + xy =10,

y'+yz = 21,

y. The evolute of a common cycloid is another

equal cycloid.

^ 10. On a given straight line perpendicular to the

horizon, describe a circle, and draw a tangent at its ^* >-'<^^^ /4.f

higher extremity ; if any point be assumed in this ^^"*^^p,

tangent^ and a, straight line be drawn from it pa- -- TJ^ii,^( ^

rallel to the diameter^ cutting the circle in two "f '''^'--
- « /,

points, and chords be drawn from those points per- r?:?'^""^^^

pendicular to the diameter, the times of describing t"" j"~^^

a-y^irij-^cr^ the parts of this line, together with the times of; J
\

describing the corresponding chords with the ve-

locities acquired at their extremities, shall be equal.

11. Let the compressive force be supposed pro-

portional to the square of the density, and the force

of gravity inversely proportional to the square of the

distance from the earth's center ; it is required to

find the law of the density in the atmosphere.

12. Given the azimuth and altitude of the sun

at two different times during the same morning, to

determine the latitude of the place.

-/,
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13. Let the radii of surfaces of a double con-

vex lens of known refracting power be given, and

the positions of the eye and object in the axis of the

lens ; to compare the apparent magnitudes of the

object and image.

14. To an eye that moves in the circumference

of a given circle, find where a known rectilinear

object given in position in the same plane with the

circle will appear a maximum, and where a mini-

mum.
15. Let a werght appended at the circumference

of a wheel elevate by its gravity a weight appended

at the axle
; given the two weights, the weight of

the wheel, and the radius of the axle, to find at

what distance one of the weights must be applied, so

as to raise the other at the axle through a given

space in the least time.

16. A body having descended from a given alti-

tude, begins to descend along the arc of a given

cycloid whose base coincides with an horizontal

plane; find the points where it will leave the curve,

and where it will meet the horizontal plane.

17. Find the ratio of the times of oscillation of

a pendulum, at the equator, and at the pole, sup-

posing the earth to be a sphere, and to revolve

about its axis in a given time.

18. If the first fluxions of a common ordinate of

a curve and a circle be equal, they will have the

same tangent at that point; and if the second

fluxions be equal, it will be impossible to describe

another circle that shall approach nearer to the

curve.
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\9. If (.r) increase in geometrical progression,

the successive increments of the ratio of {x) to (l)

will be equal,

20. Of all cones, of the same solid content and

speciric gravity, to determine the ratio of the dia-

meter of the base to the altitude in that, which,

when immersed with its axis perpendicular to the

surface of a given fluid, shall have the surface im-

mersed, a minimum.

21. A body revolving in a given circle, acted on

by a force, which is inversely proportional to the

square of the distance from the center, in conse-

quence of an impulse in the direction of its motion,

begins to describe an orbit of given excentricity

;

find the velocity communicated to it by the impulse.

22. The given circle described by a body, acted

on by a force tending to a point in the periphery, is

caused to revolve about the center of force in such

a nianner that the angular velocity of the body de-

scribing it, is to that of a body describing the same

orbit when quiescent, in a given ratio; find the

equation to the orbit described in fixed space, the

law of force, and velocity of projection at the apsis,

by which a body might describe it.

23. Find the point in the moon's orbit, which

is here supposed circular, when that part of the ab-

latitious force which accelerates her motion is a

maximum.

24. If two bodies attract each other with forces

inversely proportional to the square of the distance

between their centers, and be projected in parallel

and opposite directions with given velocities, they
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will describe about their common center of gravity

similar fisfures.

Afternoon Problems.—Mr. Woodhouse.

THIRD AND FOURTH CLASSES.

1. The interior angles of every quadrilateral

figure are equal to four right angles. Required

proof.

2. Reduce ,855 of a foot, to the decimal of a

yard.

3. Given the logarithms of 2 and 3, to find the

logarithm of 21 6.

4. What three numbers are those that have

their differences equal, their sum 15, and sum of

cubes 495 ?

6. Prove that sin. (a+ 6). sin. (a— 6) = (sin. a)'

- (sin. h)\

7. Shew how the focus of a concave lens may
practically be found.

8. Explain the principle and use of the hydro-

static balance, and determine the specific gravity of

a piece of silver that weighs 135 grains in air, and

123.3125 in water.

9. Required center of gravity of three equal

bodies placed at the three angles of an isosceles

right-angled triangle.

10. Shew that there is no finite distance through
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wliicli a body at rest can fall, so as to acquire the

velocity in the lofiarithmic spiral, the Ibrce oc -— .

1 I. Let a ray of light fall obliquely on a plane

refracting surface ; determine the position of the

refracted ray, the ratio of the sines of incidence and

refraction being given.

12. From what arguments is it probable that

the moon has no atmosphere ?

13. Shew the variation of the earth's angular

velocity to be nearly twice as great as it would have

been, had the earth's motion been uniform.

14. Compare the apparent diameters of the sun

at mean and least distance.

15. Two bodies projected along two planes in-

clined to the horizon at angles 45°, and 30°, describe

spaces respectively as ^2 : ^3. Required the

ratio of the initial velocities of the projected bodies.

16. Let two equal bodies from the vertex of an

isosceles triangle, the vertical angle being 120",

move uniformly along the sides ; compare the space

described by the center of gravity with the space

described by either body.

17. Compare the apparent diameters of the sun

seen from the earth and Jupiter.

18. In 39th proposition find the area ATFME
when DF=a, a being a given line.

19. What would be the proportion between the

axes of the earth's orbit, if the apparent diameter of

the sun at mean distance were to his apparent dia-

meter at perigee : : 2 : 5 ?
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Afternoon Problems.—Mr, Hudson.

FIFTH AND SIXTH CLASSES.

1. If the number (2) be divided into any two

parts, the difference of the parts is equal to the

difference of the numbers, formed by adding each

to the square of the other.

2. Solve the equations,

2x — 3 10a:-4
1. = - 1.

3 18

2. x^ + x~ = 756.

3. {x + 2y + (^+ 2) =20.

4. x-\ry + s/ocy = I9.

^-+,^^ + xy - 133.

3. The space described by a heavy body in the

4**' second, is to the space described in the last

second except 4, as 1 to 3 ; required the whole

space described.

4. Let a cubical vessel be filled^ half with water,

and half with mercury ; find the ratio of the pres-

sure on the sides to the pressure on the base.

5. Of all triangles described on the same base,

and having the same altitude, the perimeter of the

isosceles is least.

6. If the abscissa of an algebraic curve increase

uniformly, the deflection from the tangent is ulti-

mately equal to half the quantity that measures the

second fluxion of the ordinate.

7. A body is projected at a given point with a

given velocity, acted on by a force which varies
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inversely as the square of the distance from the

center ; compare the chord of curvature at the

point of projection witli the distance.

8. A body moves tlirough a given chord of a

great circle of the eartli in a tube, acted on by a

force which is at every point proportional to its dis-

tance from the earth's center ; find the ratio of the

whole time of describing the tube, to the periodic

time of a body revolving in a circle at the earth's

surface.

9. Given the base^ the vertical angle, and the

perpendicular, in a plane triangular, to construct it.

Afternoon Pi^ohlems.—Mr. Woodhouse.

FIFTH -\ND SIXTH CLASSES.

1. At 3| per cent, to find the interest of ^3.

15*. Ad. for one year.

2. It is required to inscribe in a circle an equi-

angular and equilateral octagon.

3. Find the time of describing 30 feet on a plane

inclined to the horizon at an angle of 30°, the force

of gravity being supposed to be diminished by one-

fourth of its present quantity.

4. Shew that the velocity of the earth continu-

ally increases from the mean to the perihelion

distance.

5. Which isgreater,- + --h—+—+ &c. ad inf.

rij_l4i- + — +&c.adinf.?3^Q ^ 27 81
^
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6. Prove that cos. 2 a = 2 (cos. «)^ - 1 (radius

=1.)

7. Find the focal length of a plano-convex lens,

the sine of incidence being to the sine of refraction

:: 1,5 : 1.

of

8. Find the fluxion of 77—;

—

^. and the fluent

(i+3/^)i-

9. Compare the pressure on the inner surface of

a cylinder filled with water, with the weight of the

fluid.

10. The emersion of a satellite of Jupiter is ob-

served to happen at a certain place at 11 h. 30'.

apparent time_, and at Greenwich it is calculated to

happen at lOli.; find the longitude of the place

with respect to Greenwich.

Evening Problems.—Mr. Hudson.

FOR THE FIRST SIX CLASSES.

1. Solve the equations,

^4 5/r^3x^--^ =r -592.

(x — 4Y + 2.(X'-4)=z--l. y ^m.
\ / ^ ' X —

2. Having given the sum and product of two

algebraic quantities, investigate the series expressing

w"' powers. ;

.

I
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3. Find the sum of the infinite series,

J ^ _5 7___ „
^

1.2 4.5 7.8 10.11

and n terms of the series,

2 + 6 + 14 + 30 + 62 + 126 &C.

4. Find the following fluents,

;s el-

and

where 0?= circular arc
^(2r.r — x^)

*

whose radius = r, and versed sine =3c.

5. Solve the fluxional equation x-{-j[^x= z -^zx.

' 6. A person holding two common dice, under-

takes to throw both the numbers 5 and 7, at 3 trials

;

find the odds against him.

7. Find the center and diameter of a circle that

touches 3 given circles, each of which touches the

other two,

8. If a spheroid be cut by a plane, the section

will either be an ellipse or a circle, and all parallel

sections will be similar figures.

9. A person standing in the center of a given

circle, throws an elastic ball with a given velocity

along a plane coinciding with the horizontal radius,

which is reflected to him by a small hard plane

coinciding with the tangent ; if the plane be con-

ceived to revolve about the center of the circle,

find in fixed space the locus of his position on the

plane, when the ball projected with the same velo-
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city, and reflected by the tangent-plane, always

returns to his hand in the same time.

10. A ball half elastic having fallen from a given

point, at the middle of its descent is projected

parallel to the horizon with the velocity acquired ;

find the position of a hard plane, which, opposed

perpendicularly to its motion, will cause it to move

to the same point to which it would havedescend-

ed in the right line, and find the whole time of its

motion.

11. To determine the length of a pendulum

which, beginning an entire oscillation in a common
cycloid from a given point, shall arrive at a given

perpendicular to the horizon in less time than

any other, beginning an oscillation from the same

point.

12. A given parabolic conoid is put into a fluid,

and when it is in a position of permanent equili-

brium the base is wholly extant, and inclined to the

horizon ; having given its specific gravity relatively

to that of the fluid, it is required to determine the

dimensions of the part immersed.

13. The solid described in the last question being

excavated, and containing a fluid, has its axis in-

clined to an horizontal plane till the surface of the

fluid passes through one extremity of its base ; in

this position a hole being made at the extremity of

that diameter which passes through the center of

the fluid's surface^ and the greatest pei*pendicular

distance of the surface from the base being given,

it is required to determine the time in which it

will be emptied.
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14. At any place situated between the equator

and the poles, it is required to determine the two

hours in the morning, during which the increase of

the sun's altitude is greatest and least, on that day

when he is in the equinoctial j)oint.

15. At a given place in north latitude, two stars,

the diiference of whose right-ascensions is known,
are observed to be on the prime vertical at the

same time ; in this position their distance being

observed, it is required to determine their declina-

tions.

J 6. Given the sun's altitude and declination, and

the sum of the azimuth and hour-angle, to deter-

mine the latitude of the place.

17. Let a ring of given diameter be held with its

plane perpendicular to the surface of a large plane

reflector, and let a straight line be drawn from its

center perpendicular to its plane; having given the

position of the eye in this line, it is required to de-

termine the position and apparent magnitude of the

image.

18. Let the surface of a plane reflector be always

perpendicular to a line which revolves about one of

its extremities, and cuts two other lines given in

position ; it is required to determine the locus of

the reflector, so that an object moving in the inter-

section of the revolving line with one of the given

lines, the image shall move in its intersection with

the other.

19. Let the position of the axis of a spherical

surface of known refracting power, perpendicular tOj
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and bisecting, a very distant object, be given, and

in it the position of the eye and image, and also the

apparent magnitudes of the object and image ; to

determine the magnitudeand position of the refract-

ing sm'face.

20. A body is projected in a given direction, at

a known distance from an horizontal plane, with a

given velocity, acted on by a force perpendicular to

the plane, which is inversely proportional to the

square of its distance from the plane ; construct the

orbit it will describe.

21. It is required to compare the polar and equa-

torial diameters :— Ist^ When the length of a degree

of latitude, in each of two known places, is given.

2. When the length of a pendulum vibrating se-

conds, in each of tiie same two places, is given.

22. Two bodies whose weights are known, lying

on a smooth horizontal plane, are connected by a

flexible line passing through a small ring fixed at a

given point between them ; in this position a given

velocity is communicated to one of them in a direc-

tion perpendicular to the line that joins their

centers, and the other is made to move directly

towards the ring. Investigate the motion of the

projected body, and find the angle described when

the other body arrives at the ring.

Evening Problems.—Mr, Wgodhouse.

1. What is the interest of £,315. lOs. for one

year, at 4^ per cent. ?

2. Of all triangles that can be formed by two
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given sides containing a varial)le angle, the greatest

is that in which the contained angle is a right-

angle,

5. Find the present value of ^20. to be paid at

tlie end of cxery five years, at 5 per cent, rate of

interest.

i^ 4. Prove that

sin. (o-h) s\r\. (h — c) sin.(c — a)
^

• ; + •
'

. +~. ^ =0.
sin.ff.sni.6 sin. t/. sin. c sni.c.sin.a

^ b. If any triangular number be multiplied by 8,

and increased by 1, the result is a square number.

Required proof.

6. In a triangular pyramid, the sum of the

squares of the faces that are perpendicular to each

other, equals the square of the remaining face.

7. With two dice, compare the chance of throw-

ing at one throw, an ace, with the chance of throw-

ing five points.

8. If a body suspended by a string oscillates

through a quadrant (the extremity of the quadrant

being the lowest point,) the force stretching the string

at the lowest point is three times that which is due

to the weight of the body. Required proof.

9. In a circle, compare the time of falling down

a chord of 6o° to the extremity of a diameter

perpendicular to the horizon, with the time of the

oscillation of a pendulum equal in length to the

chord,

10. Under an exhausted receiver a sphere sinks

3 . . . .

to a depth = - diameter. Required the alteration in
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the depth of the immersion, when the air (its spe-

cific gravity being 0.00122) is admitted.

11. Let parallel rays fall on a spherical refractor,

determine by construction the position of the re-

fracted ray, and shew that it cuts the axis in a point

nearer the surface, than any other ray does less

remote.

12. Let the distance between two thin and equal

plano-convex glass lenses, be equal radius of con-

vex surface, determine the focus of parallel rays

after refraction at each lens.

13. The excentricity of the earth's orbit being

small, the variation of the angular velocity is nearly

proportional to the cosine of the angle made by the

radius vector and perihelion distance. Required a

proof.

14. From the poles to the equator, the decrease

of the length of a pendulum always vibrating in the

same time, varies as the square of the cosine of

latitude. Required proof.

15. If the altitude of a wave compared with its

breadth be small, the wave moves over a space

equal to its breadth, nearly in the same time that

a pendulum, equal in length to the breadth of the

wave, performs one oscillation. Required proof.

16. In the astronomical telescope, shew that,

with a given object-glass, the magnifying power is

increased, by increasing the convexity of the eye-

glass ; and explain what circumstances confine the

increase of the convexity within certain limits.
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17. In an elliptical orbit, if « be the semi-axis

major, e the cxcentricity, u the angle contained be-

tween the radius vector and perihelion distance, then

r — . Kequned proot.
1 + ^ . COS. u ^ ^

18. Find fluents of ^

—

,~ -v and of (sin.5;)^i.
x^ ^{\ - x) ^ '

—tV——~r. contained between

the values of jr, O and 1, =

3 . 14159
TT beiuo; —» 2

20. Sin. 3a + sin.5« + 5in. 7«+&c. sin.(2m- \)a

sin, fm + l)a . sin. (m— 1) a t. i= ^^ '—.
. nequired proof.

sm. a.
* ^

21. It is required to divide the quadrantal arc of

an ellipse in such a manner, that the difference of

the arcs may equal the difference of the semi -axes,

^ 22. The sum of the squares of the coefficients of

^ a binomial whose exponent is n, {n an integer,)

equals the coefficient of the middle term of a bino-

mial whose exponent is In. Required proof

23. Let two weights fastened to equal strings (/, /)

move in a vertical plane, the one oscillating, the other

revolving, and at the lowest points let the velocities

h ll
due to heights h, h'y be such, that -%=T7=^",then

"^^ .i(rr
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the time of the revolution of one weight is to the

time of oscillation of the other as m to 1 . Required

proof.

24. The periodic times of planets revolving in

elliptical orbits are independent of the excentrici-

ties of those orbits. Required proof.

K
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1805.

First Morning.—Mr. Hornbuckle.

Monday, January 14, 1805.

1. 1 HE discount on a promissory note of oClOO,

payable a year and a half hence, amounted to £, 7-

lOs. What interest per cent, did the banker tnake

of his money ?

2. Prove that a table of sines and cosines con-

structed for 45^, will be sufficient to exhibit the

sine or cosine of any arc in the circle.

3. Divide a given arc {A) less than a quadrant

into two such parts, that the secant of one multi-

plied into the square of the secant of the other may
be a maximum.

4. Find the principal focus of a plano-convex

glass lens, and prove it a fixed point.

5. Suppose A= the sum of the roots of an equa-

tion, B the sum of the squares, C the sum of the

cubes, &c. Required an expression equal io A-\-B

+ C+ &c.

6. In a given latitude, it is required to determine

the declination of the sun, that it may set in the

south west point.

7. Two bodies, whose weights are 4lb. and 3lb.

are projected together at an angle of 45" to the
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horizon, witli the respective velocities of 19 and 12

feet in a second ; required the path described by

their common center of gravity, and its greatest

height above the horizontal plane.

8. Find the present worth of an annuity of (//)

pounds, to begin (n) years hence, and continue (t)

years at compound interest.

9. The refracting curve is the logarithmic spiral,

and the radiating point in the center ; construct the

caustic.

10. Given the velocity of the wind, the angular

motion of the sails of a windmill, and their incli-

nation ; required the length of the arms^ that

the effect produced by the wind may be the great-

est.

11. Sum the following series :

1 .2 2.3
, 3 . 4 _ 4 .

5

2.3~.*3.4 475 Km '^ ^'

and :;— + 1- ^ ad inf.
1.2.3.4 2.3.4.5 3.4.5.6

12. A given body impelled by the uniform force

of gravity descends in a medium wherein the resist-

ance varies as the velocity. It is required to exhibit

the relation between the spaces, velocities, and times,

by means of the logarithmic curve.

13. Find where the effect of the ablatitious force

to accelerate a body's motion in its orbit is a maxi-

mum.

14. The distance between the 10 and 11 o'clock

hour-line on a vertical east dial is 3 inches in length ;

required the height of the style.
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First Afternoon.—Mr. Hornbuckle.

FOR THE THIRD, FOURTH, FIFTH, AND SIXTH CLASSES.

1. If 7 horses eat l6* acres of grass in 20 days,

how many will be required to eat 24 acres in 7 days ?

2. Add together 4 of bs. 6d., ^} of i of 17«. 2^d.,

and 4- of ol^5. bV 7|rf.

3. If a solid angle be contained by three plane

angles, any two of these are greater than the third,

4. Prove that the sum of the tangents of two arcs

is to the difference as the sine of the sum of these

arcs is to the sine of the difference.

5. Solve the equation x^-3a?'— 4a?+12 = 0.

6. Find the quantity Q, so that Q.{A-'-B^}

may be a perfect c"* power.

7. Find the center of gyration in a circle which

revolves round an axis passing through its center

perpendicular to its plane.

8. Find the radius of curvature at any point of

the cycloid.

9. Find the time of flight of a body projected

at an angle of 30^ with a velocity of 193 feet in a

second, the mark being in a plane inclined at an

angle of 6o°.

10. Prove that the sun's image through a convex

lens is a circle, and find how the density of rays

therein varies,

11. Three persons divide a cylindrical pipe oi

wine between them, which is emptied through a

small orifice in the bottom in 3 quarters of an hour.
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each taking as his portion what is emptied in 1

quarter of an hour. In what proportion must they

pay for it?

12. Explain the principle ofthe hydrometer, and

shew, that if it be made to sink to the same depth

in different fluids, the specific gravities of the fluids

will be as the weights of the instrument.

13. Find the proportion in which the spaces

occupied by the air in the gauge decrease after each

turn of the piston in a condenser.

14. In what part of his orbit is the brightness of

Mars the least?

15. Shew where a superior planet is a morning or

evening star.

16. Find the solar ecliptic limits.

17. Compare the angular velocity of the distance

with the angular velocity of the perpendicular, in

general, and in the conic sections.

18. Investigate the expression for the difference

of the forces, when the moveable orbit is an ellipse

with the center of force in the center.

19. How must the force of gravity be altered

that the times of oscillation in a circular arc may be

equal.

20. Find the fluxions of (a4- bx + cx"-)^ , —r,—;

—

-

and [a^'Y'

2cix
21. Find the following fluents ., „ . ,. , and^ xs/{a~+x-)

rx^sb

s/{r'-x^)'
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22. Determine the apparent path of a star's aber-

ration ])arallcl to the ecliptic, supposing the earth

to describe any one of the conic sections.

First yljternoon.—Mr. Hornbuckle.

FOR THE FIFTH AND SIXTH CLASSES.

1. Find the chord of curvature, at any point of

a parabola, parallel to its axis.

2. Find the altitude, horizontal range^ and time,

supposing a body to be projected at a given angle

with a given velocity.

3. Prove that the density of the air is propor-

tional to its compressing force

4. Prove the rule for division effractions.

5. Find the equation of limits to the general

equation a?" —px'^~^ + qx''
"^ - &c. = 0.

6. Find the law of force tending to the center of

the logarithmic spiral.

First Evening.—Mr. Sowerby.

1. It is required to find all the possible values of

any two numbers Jfand V, so that the difference of

their squares may be equal to the square of 24.

2. Of all the lines drawn through the focus of an

ellipse, and terminated both ways by its perimeter^

that is the least which is perpendicular to the major

axis. Required a demonstration.

3. It is required to determine that arc of a given

circle, whose cosine is equal to its tangent.
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4, Let a given weight (^') be supported by

three props, A, B, C, as in the annexed figure. '" '^
The pressure upon each prop is proportional to the ^,^ fy -^c

area of the triangle opposite to it ; that is, the pres-

sure on A : pressure on H :: area of the triangle

BWC : area of the triangle AWC. ^A^':"^

5. Given the length of a cylindrical beam, hav-

ing its ends placed upon two planes inclined to the

horizon at given angles. It is required to find the

j>osition in which the beam will rest.

6. A lever whose arms are inclined to each other

at a given angle, and whose lengths and weights

are respectively known, is made to vibrate flatways

round an axis of suspension which passes through

the angular point of the lever. It is required to

determine the actual time of an oscillation.

7. A cone of given dimensions is filled with fluid,

and placed with its slant side parallel to the hori-

zon. How long will the fluid be in running out of

it, through a given orifice in the vertex ?

8. The velocity and direction of the wind being

known, and also the velocity and direction of a ship

in motion ; it is required to find the position of the
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sail witli respect to the wind, so that the ship may
be im|xllc(l with the o-reatcst force possible.

9. (iiven the (hHerence of the times of setting of

two stars whose dcchnations are known. It is re-

quired to determine the latitude of the place.

10. Supposing the latitude and longitude ofa star

to be known; it is required to determine at what
hour it will pass the meridian on that day, when its

apparent latitude is neither increased nor diminished

by the aberration.

11. In the latitude of 52°, the substyle-line ofa
vertical dial coincides exactly with the hour-line of

1 1 o'clock. What is the position of the plane of

the dial ?

12. A cylindrical vessel of given dimensions is

filled with water, and placed with its side perpendi-

cular to the horizon. At what distance from the

vessel must a person stand, so that he may just see

the center of the base of the cylinder ; the ratio of
the sines of incidence and refraction being given

;

and also the height of the eye above the surface of

the fluid .?

13. Supposing that the periodic times of two
bodies revolving in a given circle are the same, and
that the one is acted upon by a force situated in the

center, the other by a force situated in the circum-
ference. What is the relation ofthe absolute forces?

14. What must be the law of the force acting

upon a body in a logarithmic spiral, so as to cause

it to descend from any point in the curve to the

center, always in the same time }
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15. Sujjposing a repulsive force to vary inversely

as the cube of the distance from a given plane ; it is

required to determine the trajectory described by a

body projected with a given velocity, and at a given

distance from the plane_, in the direction of a line

parallel to the plane.

16. Supposing the earth and moon to move in

circular orbits, and that the radii of their orbits and

periodic times are knov^qi ; it is required to deter-

mine whether the moon's orbit in fixt space, is

concave or convex to the sun, when the moon is in

conjunction.

17. It is required to determine the law of the

resistance (according to the method of Newton,
vol.11. Sect. 4.) by which a body may be made to

revolve in a parabola round a center of force situated

in its focus, the force varying as any power of the

distance.

lo T .Li .• pi
. ''V ^"'i

18. In the equation [- -^ =— • it is re-
X y ay"

quired to find the relation between x and y^ when
•p and r are any numbers whatever.

19. Find the following fluents :

I. - .(a^+a?*)"^.

II. V^x, where V— hyp. log. (l +a?).

III. Xx'^x, where X is a circular arc whose

radius = l^ and tangent = S/ - .

r

20. Sum the following series

J 1 1 1

1- 7—r — r-7r + ;r-r - &c. to n terms.
1.5 2 .6 3.7

L
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II. Given the sum of the series.

.-• + ?' + ;?• + 4--+^"

to find the sum of the series

1 1

+ 3̂.4^^^-
1 .2-. 3*^2. 3'. 4*

2 J . Required tlie nature of the curve along which

a heavy body, descending by the force of gravity,

will press upon the curve at any point, with a force

proportional to the ordinate at that point.

y 22. It is required to determine that point in a

parabola, to which a line drawn from the vertex

makes the greatest angle with the curve.

23. A ship sails from the equator on a north

west course. What number of miles will she have

run when arrived at the pole, and what will be her

difference of longitude?

24. Let AD, AE be two lines given in position

;

and let the line HC be moved between them so a»

always to cut off an area ABC equal to a given

area. It is required to find the nature of the curve
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generated by a point F, which divides the line BC
in any given ratio.

25. Let the roots of the equation j'-pj:"~'-h
^j?"—*—-&c. =0, be a, b, c, &c. and those of the

equation wx"~' - (w— \).px''~^-^[n- 2).^j:"~^— &c.

= O, be a, /3, 7, &c. ; then, if wlien a, /3, 7, &c. are

successively substituted in the equation i;"-^/?j:^~ '+

qj^— ^ &c. = 0, the results are P, Q, R, Sec. and when
a, b^c, &c. are substituted in the equation nx^~^ —
(w - 1 ) .px^-^- (n - ^).qjc^-^ -he. = O, the results

are p, q, r, &c. it will be as /* x Q x /?, &c. :px q
X Tf &c. :: 1 : n"

Second Morning.—Mr. Sowerby.

Tuesday, January 15, 1805.

1. If a series of arcs be taken in arithmetic pro-

|?ression, the radius of the circle will be to twice the

eosine of their common difference, as the sine of

any one arc taken as a mean, to the sum of the

sines of any two equidistant extremes. Prove this

proposition ; and shew how, by means of this pro-

perty, a table of sines, tangents, &c. may be con-

structed.

2. Find the sum of n terms of the series

5.6- 6.r r.8

1.2.3.4^2.3.4.5 3.4.5.6

3. Suppose a person of given weight to be sus-

pended in a scale from the extremity of an immove-

able lever, and to press upwards by means of a rod
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of a given lL'ng.tli, against the nnder-side of the

lever ; with what force must he press upwards, so

that he may rest in any given position?

4. The curve APp is generated by taking its

ordinate MP always equal to the corresponding

chord of tiie circular arc AZ. Required its nature,

and also its area, supposing it to terminate when its

abscissa AM becomes equal to the diameter AB
of the circle.

5. If a sphere and cylinder of the same diameter

move with equal velocities in the same fluid, in the

direction of the cylinder's axis, the resistance op-

posed to the motion of the globe will be to the

resistance opposed to the cylinder in the ratio of

one to two. Required a demonstration.

6. Given the greatest and least horizontal paral-

laxes of the moon. It is required to find her mean

distance in terms of the radius of the earth.

7. To determine the nature and length of the

caustic, when the reflecting curve is a circular arc,

and the focus of incident rays is in the circum-

ference of the circle.

8. A body is projected, at a given distance from a
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centre of force, with a velocity and direction which

will cause it to move in the reciprocal spiral, the

force varying inversely as the cube of the distance.

It is required to investigate Cotes's construction for

determining the place of the body at the end of any

given time.

9. Given the densities of the Earth and Jupiter,

the times of their diurnal revolutions, and the polar

and equatorial diameters of the Earth, to find the

ratio between the polar and equatorial diameters of

Jupiter.

10. Explain the Cartesian hypothesis of vor-

tices, and shew that it w-ill not satisfactorily account

for the phsenomena of the heavenly bodies.

11. Given the latitudes and longitudes of two

places upon the surface of the earth. It is required

to determine their distance from each other upon

Mercator's chart.

12. Supposing the sections of a groin, made by

a plane passing through its axis, and cutting the

opposite sides of the base at right angles, to be cir-

cles; what will be the nature of the section when

the plane cuts the sides of the base at any other

angle ?

13. Given the latitude of the place, the declina-

tion of the sun, and the position of a plane, both

with respect to the meridian, and the horizon. It

is required to find at what hour of the day the sun

will begin to shine upon it.

14. If the cover of a common lamp in the streets

be a perfect circle, whose plane is perpendicular to
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the wall to which the lamp is attached ; what will be

the nature of its shadow on the wall, supposing the

wick to be a point situate in the axis of the cover ?

Second Afternoon.—Mr. Sowerby.

FOR THE THIRD, FOURTH, FIFTH, AND SIXTH CLASSES.

1. Find the vulgar fraction which is equivalent

to the circulating decimal ,7485353.

2. In the extraction of the square roots of num-
bers, it is required to investigate the limit which the

remainder after any operation can never exceed.

3. Find the roots of the equation x^ -\ x*'—
7

^ ^ =0, two of them being equal,

4. A weight (P) draws another weight (^^
along an inclined plane given in position, by means

of a rope passing over a fixt pully. It is required to

find the position of the weight when in equilibrio.

5. In what direction must a ray issuing from a

given point be incident upon a given plane refract-

ing surface, so that after refraction it may converge

to another given point in the axis of the pencil.

6. In determining the velocity of a fluid issuing

from an orifice in the bottom of a vessel, some writ-

ers have found it to be that which a heavy body

would acquire in falling through the whole height

of the fluid in the vessel ; others, that acquired in
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falling through lialf the height. How have these

different conclusions been obtained, and which is

the true one ?

7. Suppose a person suspended in a balance to

act upwards by means of a rod against a point in the

arm of the lever opposite to that in which he is sus-

pended : will his weight be increased or diminished

by this action, and in what ratio ?

8. Supposing that in the Gregorian telescope

the focal lengths of the reflectors are given, and also

the distance of the last image from the principal

focus of the large reflector. It is required to deter-

mine the distance of the reflectors from each other.

9. Explain the phaenomenon of the harvest moon.

10. Given the difference of the lengths of the

shadow of a lofty tower observed at mid-day, in the

summer and winter solstices, and also the latitude of

the place. It is required to determine the height

of the tower.

11. In any conic section, the centripetal is to the

centrifugal force as the distance of the body from

the focus to half the principal latus rectum of the

figure.

\2. How far must a body fall internally, and how-

far externally^ to acquire the velocity which is ne-

cessary to retain it in a circle, supposing it in both

cases to be acted upon by a force which varies in-

versely as the square of the distance ?

13. Supposing the force in any orbit nearly cir-

cular to be represented at any point by the quantity
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hA'" A- c A'^

^i 3 it is required to determine the angle

between the apsides.

14. Find the sum oi n terms of the series,

1.2 + 2.3+3. 4+ 4. 5+ &C.

15. To place a given straight line in a circle of

given magnitude, so that it may pass through a

given point, either within or without the circle.

16. Find the fluent of -.^-^ 5^, and also that of

—

—

X, where a is less than unitv.

17. Let the curve APp be generated by taking

the ordinate MP always equal to the difference of

the chord AC, and the versed sine AM of the cir-

cular arc AC. \t is required to determine the

greatest ordinate of the curve, and also its area.

18. If any momenta be communicated to the

parts of a system, its center of gravity will move in

the same manner that a body equal to the sum of

the bodies in the system would move, were it placed

in that center, and the same momenta communi-

cated to it, in the same directions.

19. Let the equation to a curve be xy^~o?,
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where ^r is the abscissa and y the ordinate. It is

required to determine the area comprehended be-

tween any two ordinates, h and c.

20. The resistance opposed to a plane moving

perpendicularly in a fluid with a given velocity, is to

the resistance opposed to its motion when moving

obliquely, as the cube of the radius to the cube of

the sine of the inclination of the plane to the direc-

tion of its motion.

Second Afternoon.—Mr. Sowerby.

1. Investigate a rule for extracting the square

root of a binomial, one or both of whose factors are

quadratic surds ; and apply it to determine the

square root of 2^ — 1.

2. The spaces described in any times by bodies

uniformly accelerated, are proportional to the squares

of the times, or to the squares of the last acquired

velocities.

3. Explain the principle and construction of the

air-pump; and compare the density of the air in the

receiver at first, with its density after any number
of turns.

4. Find the principal focus of a sphere, the radius

of the sphere and the ratio of the sines of incidence

and refraction being given.

5. Suppose the body to revolve in an ellipse, it

is required to find the law of the force tending to

the focus.

M
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6, Divide a given angle into two other angles,

so that their sines may be to each other in a given

ratio ; and shew how the value of these angles may
be calculated.

Second Evening.—Mr. Hornbuckle.

1. In a given latitude, a pendulum will oscillate

once in one second^ supposing the earth not to

revolve round its axis. Required the angular mo-

tion round the axis, that the pendulum may oscil-

late once in two seconds.

2. a^ . b'' . r is a minimum, and x+l.i/ + l.z + l

= Q a constant quantity. Required the relation

between x, y, z.

3. Resolve
:;^

tt-t — into a series
I — ez +jz^— gz^ H- &c.

of fractions whose denominators are binomials.

4. Determine the apparent magnitude of a straight

rectilinear object, placed at a given depth, parallel

to a surface of water; the eye being situated at any

point in the plane passing through the object per-

pendicular to the surface.

5. Two perpendiculars of given lengths are situ-

ated at a given distance from each other in a hori-

zontal plane. Determine geometrically that point

on the plane between them, to which, if lines be

drawn from the extremity of each perpendicular,

the times of falling down the two inclined planes

may be equal.
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6. Find the center of gravity of a cylindrical

portion of the atmosphere measured from the earth's

surface, the force of gravity being constant.

7. If the ordinate (y/) of a curve be composed of

powers of the abscissa x and constant quantities

;

having given the increment of .r, find the contem-

porary increment of ?/.

8. A string of given length is suspended to two

tacks any where situated,, the length of the string

being greater than the distance between therfi. It is

required to find the position of a given weight (w),

which slides freely on the string, when at rest.

9. Construct the spiral in which the areas are the

measures of the ratios between the ordinates which

terminate them.

10. The angle between the apsides in an orbit

very nearly circular : 180'' :: ^ b-\-c . ^?nb + nc.

Prove that the law of the force hence deduced by

Newton's method coincides with r^
•

11. Required the time in which a given cylindri-

cal wheel will roll from the top of a given conical

hill to the bottom.

12. Required the present value of £l. to be paid

at the end of n years, if either of the individuals A
or B, whose ages are given, be alive at that time.

13. It is required to find the altitude of the first

point of Aries at a given hour, day, and place ; the

angle also^ and point in which the ecliptic cuts the

horizon at that time.
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14. Given tlie lenirth and wciulit of an elastic

strini]^, and the force which stretches it, to find the

number of vibrations in a second.

1."). Construct the fluent 5—

—

z, a beinc

less than unity.

J 6. A reservoir being supplied with water at a

given rate, determine the height to which a sluice

must be drawn, that the reservoir may be always

kept jUst full; the dimensions of the sluice, and the

depth of its base from the surface, being given.

17. Explain the reason why at spring-tides in

summer, in north latitudes, the afternoon tide is

greater than the morning tide.

18. A particle is attracted towards a straight line

given in position and magnitude, the law of the

force being the inverse square of the distance. De-

termine the direction in which the particle will

begin to move towards the line.

19. Find the fluents of the following quantities

JcfxfxJ'x ; a?" a^ i {a being a given quantit}')

;

i

{x - a)' . {x — by
'

20. Find the integral of the increment Trp-jy, ^
being one.

21. The roots of the quadratic equation x" — px
4- 1 =0 are a and b. Prove that a" +b'' is equal to

P" - np - + ?/ . p ' — /? . .
;:;

p^~^

+ &C.

22. Bradley observed, that the apparent motion
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in declination of every star tended the same way
when they passed the meridian at the same hour,

each being farthest north when it passed at six

o'clock in the evening, and farthest south at six in

the morning. Explain the reason why this is nearly

true in those stars whose declinations are not very

great.

23. A ball is shot from a cannon with a given

velocity, at a given angle of elevation, situated at a

given distance from the foot of a hill, whose eleva-

tion is also known. Determine the point in which

the ball will strike the hill.

24. Given the force of gravity at the surface of a

primary planet, the mean distance and periodic time

of its secondary with the ratio of their respective

diameters. It is required to compare their densities.
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1806.

First 3Iorning —Mr. J. Brown.

Monday, January 13, I806.

1. How many years' purchase is an estate worth,

when the rate of interest is 4 per cent.?

2. An incHned plane is a tangent to a cycloid

in the middle point between the highest and lowest

points ; what must be the length of the plane, that

the time of falling down it may be equal to the time

ofhalf an oscillation?

3. Having given the specific gravities of water

and iron, it is required to determine what proportion

the thickness of an hollow iron globe must bear to

its diameter, that it may just float in water.

4. In a given latitude, and at a given time of

the year, how many hours will be shewn upon a

vertical south dial ? And at what time of the year

will the greatest number be shewn ?

5. Having given the altitudes of the sun, and of

any particular colour in the primary rainbow, it is

required to determine the sines of incidence and

refraction

.
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6. The curve ANC is a cycloid, and the curve

AMD is formed by taking PM equal to the arc

AN\ find the equation to the curve, and compare

its area with that of the cycloid.

7. Compare the attractions of a spheroid upon

a particle on its surface in directions parallel to the

polar and equatorial diameters, with the attractions

at the pole and the equator.

8. A paraboloid with its vertex downwards is

emptied by an orifice in its vertex ; compare the

times in which the fluid descends through the first

and last half of the axis.

9. Draw a diameter to the curve_, whose equation

is 3/" -a-\-bx .
«/"~^ + &c. = 0.

10. Sum the following series :

1^ + 2^ + 3^ + &c. to n terms.

1 1 1 - . . ^
1 1 &c. in ml.

1.3 2.4 3.3

— -1—, -1 + &c. in inf.
1' ^ 2- 3'

11. Find the following fluents:

XX X %z

where a is less than unity ; and construct the latter.
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12. Trace the curve whose equation is «- - x^ +
{x—by' = X' 1/-.

13. Shew that the altitude of high water above

the mean altitude is equal to twice the depression

below it.

14. Find the radius of curvature of the common

parabola, and the equation to the evolute.

15. Shew that if the resistance in any medium

is proportional to the velocity, the oscillations in a

cycloid will be isochronous.

16. Supposing the moon to revolve round the

earth in a circle, what must be the diminution of

the quantity of matter in the earth, that the eccen-

tricity of her orbit may be equal to half the radius

of her present orbit }

First Afternoon.—Mr. J. Brown.

FOR THE THIRD, FOURTH, FIFTH, AND SIXTH CLASSES.

1. Find the value of .78545454 &c. in a vulgar

fraction.

2. If 0^40. be due at the end of 6 monthss, ^6*0.

at the end of 12 months, and £80. at the end of

15 months ; what is the equated time for paying

the whole ?

3. The sum of four numbers in arithmetical pro-'

gression is 56, and the sum of their squares is 864;

What are the numbers ?

4. If the latitude of the place, and the sun's
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declination be given ; it is required to find the time

of his rising, his azimuth at that time, and the

time of his coming to the prime vertical.

5. A body has fallen from A to B, when

another body is let fall from C ; How far will the

latter body fall before it is overtaken by the former.

B

-C

6. If R and r be the radii of the surfaces of a

convex lens, and m and n the sines of incidence

and refraction; find the focal length ofthe lens, and

shew that it is the same which ever way the rays

pass.

7. Having given the three angles of a spherical

triangle, and the radius of the sphere, find the area

of the triangle.

8. Find the ecliptic, limits of the sun and moon,

and how many eclipses there may be in one year.

9. Inscribe the greatest cone in a given sphere.

10. Find how far a body must fall internally to

acquire the velocity in a circle, when the force varies

inversely as the square of the distance.

11. When a body revolves in any curve, compare

the angular velocity of the distance with that of a

perpendicular upon the tangent.

N
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12. Shew that the periodic times in all ellipses

round the same center are equal.

13. If the force varies inverselv as the cube of

the distance, and the whole distance be made the

radius of a circle ; then, if the versed sine of any

angle represent the space fallen through, the right

sine will represent the time, and the tangent the

velocity acquired. Required a proof.

14. Solve the following cubic equation, whose

roots are in geometric progression ;

x^ - 13zc2 + 39a?— 27 =0.

15. Shew that the time of an oscillation in a

cycloid : time down the axis :: the circumference

of a circle : the diameter. And having given the

length of a pendulum, which vibrates seconds, find

how far a body will fall by the force of gravity in

one second.

16. Compare the times of emptying a cone and

its circumscribing cylinder, through equal orifices

in the base of the cylinder, and the vertex of the

cone.

17. Shew that if no light were intercepted in

passing through the air^ an object would appear

equally bright at all distances.

18. A barometrical tube is 36 inches long, and

after inversion the mercury stands at the height of

24 inches. What quantity of air was left in the tube

before inversion^ supposing the standard height to

be 30 inches ?
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19. Find the following fluents :

2aX oc'x %

where a is less than unity.

20. Sum the following series:

3 4 5
+ ^ ^. + ^ . ^., + &c. in inf.

1 .2.2 2.3.2^ 3.4.2'

1 . 2-j- 2.3 4-3.4+J4.5 &c. to » terms.

21. If a, h, c, &c. be the roots of the equation

j;" — /;j:"~*+^.r""^ — &c. = O ; it is required to

transform it into an equation, whose roots are wa,

mh, mc, &c.

22. Shew that the attractions of similar pyramids,

whether whole or obtruncated, upon particles situ-

ated in their vertices, are proportional to their

lengths.

23. At what angle must a body be projected with

a given velocity, that the area of the parabola de-

scribed may be a maximum ?

24. Determine the angle between the apsides

bJ^' + cA"
when the force varies as

^•^

First Evening.—Mr. Barnes.

1. The sum of the cosines of any two arcs, is to

their difference, as the co-tangent of half their sum,

to the tangent of half their difference.

2. Given the latitude of the place, and the right

ascension and declination of a star, to find the hour

at which it will rise on a given day.



H)() CAMBRIDGE PROBLEMS. [I8O6.

3. Find the focal length of a thin concavo-convex

lens of glass, the radii of the surf\ices being given.

4. Construct and investigate the magnifying

power of the double microscope.

5. The roots of the equation 4.r^— 32^' — ,1? +

8

= are of the form a, — a, h. It is required to

determine them.

6. If a be an integral root of the equation j?" +
/?jc"-i-i- &c -\- P x' + Qx"- -\- Rx -^ S= 0, and if

-+/?=/^';— +Q=Q'; - +P = P' &c. : then
a a a

-
, R', Q', P' &c. are integers. Required a demon-

stration.

7. Given the specific gravities of two bodies, to

find the ratio of their quantities of matter, when

they balance each other in a fluid whose specific

gravity is also given.

8. A given cylindric vessel is supplied with water

by a cock at a given rate. Then suppose when the

vessel is full^ that an aperture of given area is made

in its bottom ; what is the lowest point to which the

surface of the water in the vessel will descend, and

also the time of its descent ; the influx of the water

by the cock being supposed slower than the eflflux

when the vessel is full ?

9. A given weight, suspended by a thread of a

given length, oscillates, in the manner of a pendu-

lum, through a semi-circle. Compare the weight

of the body with the force which stretches the string

in any position.
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10. Find the magnitude of that part of the dis-

turbing force of the sun upon the moon, which acts

in a direction perpendicular to the plane of the

moon's orbit.

11. Required the fluents of x\v x (a^-|- !•')*>

dx zi"~^z
,

z
md

(a + bz'')y/{c + ez)"
'

z"" x {a-\-bz)
'

12. Find the relation o^ x to ?/ in the equation xi/

13. Required the sum of n terms of the series

1.2. 4 + 2. 3. 5+3. 4. 6-t- &c. ; and the sum of the

series i + ^^ + J^ +^ H-&c. ad inf.

14. Given the sum of the series, -; -\—^.-i—^4-

&c. equal to -7—5 (Q being the length of the qua-

drantal arc to the radius = l); to find the sum of

the series, h
—— \—-;— + &c. ad inf.

' 1\2 2^3 3^4

15. The fluent ofyxs=i/ x '4 x h"^^^ ^ 1 X 1 . 2 X-

x^ — &c. (i being constant); required the in-
1.2.3

vestigation.

16. At what distance from its extremities must a

slender rod, ofuniform thickness and given weight,

be suspended, that it may oscillate in a given time?

17. Suppose the proportion of the chances for the >/

happening of an event, be to that of its failing in

any one trial as a to ^; what is the probabilitv
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that the event will happen precisely p times in n
trials ?

18. If 'T be constant,

- = - + —^— + -^ ^^ + &c.
2 z z z z z z

" n n + 1 n «+l n+2

required the investigation.

19. If a body revolve in an ellipse round a center

offorce situated in the focus ; investigate the relation

between the mean angular velocity of the body, and

its angular velocity round the upper focus ; and shew

from this relation that when the ellipse is of small

excentricity, the angular velocity round the upper

focus is nearly uniform.

20. The greatest velocity which can be acquired

by a spherical body descending in a fluid, is equal

to that which would be acquired by it in descending

from rest in vacuo, by the constant force of its com-

parative gravity, through a space which is to >- of the

diameter, as the density of the sphere to the density

of the fluid.

21. Suppose the force of gravity to be uniform,

and to tend perpendicular to the horizon ; what will

be the path of a projectile in a medium, the resist-

ance of which is proportional to the velocity of the

body ?

22. If the centripetal force vary reciprocally as

the distance from the centre; and the density of the

fluid be proportional to the compressing force; then

if distances from the centre be taken in geometrical

progression, the corresponding densities of the fluid

will be also in geometrical progression.
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23. Bradley observed that every star passed the

meridian farthest south when it came about six in the

morning, whatever were its position with respect to

the cardinal points of the ecliptic. Suppose then

the place of a star to be given ; on what day will it

pass the meridian of London farthest to the south ;

and at what hour will it pass it on that day ?

24. A perfectly flexible chain is wound round a

cylinder supported with its axis parallel to the ho-

rizon. Then, if the weight and dimensions of the

cylinder be given^, and also the length and weight

of the chain ; it is required to determine the time

in which the chain, impelled by the force of gravity,

will unwind itself; a given length being unwound
at the commencement of the motion.

Second Morning.—Mr. Barnes.

1. Find the value of the decimal ,726363 &c. in

a vulgar fraction.

2. Required the value of a: in the equation 2x\/x

</^— 3j? V - = 20.
X

3. \{xS^—'px''-^-\-c[3e'~''-%LQ.±W-A, and a be

any root of the equation j?" — joj?"~' + q3^~'^—&c. ±
Wz=.0\ Prove that j? - a is a divisor of the expres-

sion 33^—-px""^ + ^a?'*-*— &c. ± W.

4. Suppose the arms of a bent lever, inclined 10

each other at a given angle at the fulcrum, to be

also given : Required the position ofthe lever, when
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two given weights suspended freely from its ex-

tremities, balance each other.

5. A given oriHce is opened in the bottom of a

vessel of given altitude HUcd with water ; what

must be the nature and dimensions of the vessel,

that the surface of the water may descend with a

given uniform velocity ?

6. Required the nature of the caustic, when the

reflecting curve is the common cycloid, and the rays

are incident parallel to the axis.

"7. Two stars whose right ascensions and declina-

tions are known, were observed to rise at the same

moment. Required the latitude of the place of ob-

servation .

8. Prove that the periodic times of bodies de-

scribing different ellipses round different centres of

force situated in their foci, are in the sesquiplicate

ratio of the major axes directly, and in the subdu-

plicate ratio of the absolute forces inversely.

9. Find the fluents of

and ot

10. Required the sum of the first n terms of the

even number.

11. Find the sum of the first wterms of the series

increments.

12. Compare the mean quantity of the force by
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which the sun disturbs the motion of the moonj with

the force of gravity at the earth's surface.

13. Compare the force which accelerates the

centre of gravity of a cyHnder, while it rolls down

a given inclined plane, with the weight of the

cylinder.

14. Given the latitude of the place, and the right

ascension and declination of a star, to determine the

time of tlie year when the star rises with the sun.

Second Afternoon.—Mr. Barnes.

FOR THE THIRD, FOURTH, FIFTH AND SIXTH CLASSES.

1. What is the interest of o£400. for 9 months

at 4^ per cent, per annum ?

2. What is the discount of the same sum for the

same time, at the same rate of interest ?

8. Reduce 1.636'3 &c. of a crown to the fraction

of a guinea.

4. Given 3 :c^ - 3 x + 6 = 5|-, to find x.

5. Required the sum of n terms of the series,

I [_- _^_i— — &c. ; and also the sum of
2 4 8 lb

the series continued ad infinitum.

6. Find the sum of n terms of the series a, a-\-h,
'

« + 2 6, a-\-3h, &c.

7. With what velocity must a body be projected

from a given point in a given direction, to hit a

given mark ?

O
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8. Given the specific gravity of a fluid, and also

of a solid in the form of a paraboloid floating in it

with its vertex downwards, to lind the part of the

axis immersed.

9. Given the distance of the object from a double

convex lens, and the ratio ofthe object to the image,

to find the focal length of the lens.

10. If a body revolve in an ellipse round a centei

of force situated in one of its foci
;
prove that the

velocity in any point, is to that in a circle at the

same distance, in the sub-duplicate ratio of the

distance from the other focus, to half the major

axis.

11. Given the latitude of the place^ and the de-

clination of the sun, to find the length of the day.

12. If the signs of the alternate terms of an

equation beginning with the second, be changed,

the signs of all the roots are changed.

13. Required the fluxions of

" ,andof ^^ + ^)'

14. Find the fluents of

hxx
, p 2ax^x

, and 01

15. If the force vary directly as the distance

from the center, shew that the velocity of a falling

body^, is to that in a circle at the same distance, as

the right sine to the cosine of a circular arc, whose

radius is the greatest distance, and versed sine the

^pace through which the body has fallen.
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16. At what season ofthe year is that part of the

equation of time, which arises from the inclination

of the ecHptic to the equinoctial, a maximum ?

17. If two imperfectly elastic balls strike each

other, prove that the relative velocity before impact,

is to the relative velocity after, as perfect to imper-

fect elasticity.

18. If perpendiculars be drawn from any number

of bodies to a given plane, the sum of the products

ofeach body multiplied by its perpendicular distance

from the plane, is equal to the product of all the

bodies multiplied by the perpendicular distance of

tlieir common center of gravity from the plane.

19. Investigate the fluxional expression for the

area of any curve ; and apply it to find the area of

the curve whose equation is a'^ a?" = ?/'^ + '" com-

prehended between the ordinates, whose lengths

are h and c.

20. Find that point in the moon's orbit (suppos-

ing it a circle,) where the disturbing force of the

sun, neither increases nor diminishes the gravita-

tion of the moon towards the earth.

Second Afternoon.—Mr. Barnes.

FIFTH AND SIXTH CLASSES,

1. Reduce ^ of a guinea to the decimal of a

pound.

2. Prove the rule for finding the greatest com-

mon measure of two numbers.
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3. Reduce the fraction —— to its lowest terms.
380

4. Required the value of x in the equation 2jc'^ — x^

+ 104= Goo.

5. Prove that if a body be projected in any di-

rection inclined to the horizon, it will describe a

parabola.

6. Find the law of the force by which a body is

made to revolve in a parabola, round a center of

force situated in the focus.

7. Shew that the pressure of the fluid upon any

surface immersed in it, is equal to the weight of a

cylindric column of the fluid, whose base is the sur-

face pressed, and altitude the perpendicular depth

of the center of gravity of the surface pressed below

the surface of the fluid.

8. Construct and investigate the magnifying

power of the common astronomical telescope.

Second Evening.—Mr. J. Brown.

FOR THE FIRST, SECOND, THIRD, AND FOURTH

CLASSES.

1. A penduluni, which kept true time at the

earth's surface, when carried to the top of a moun-

tain lost ?i seconds a day ; What was the height of

the mountain ?

2. Having given the places of the sun and moon

at any time, it is required to delineate the phases of
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the moon, and to find the angle which her cusps

make with the horizon.

3. Shew in what positions of the eye and object,

the image formed by a double convex lens will be

magnified or diminished ; and when it will be erect,

and when inverted.

4. Having given the weight and magnitude of a

balloon, and the specific gravities of atmospheric

air, and of the air with which the balloon is filled,

find the height to which it will ascend.

5. Shew how an eclipse of the moon, with the

time of its duration, and the number of digits

eclipsed, may be calculated.

6. Compare the times of emptying a globe and

its circumscribing cyhnder through equal orifices;

the orifice of the cylinder being in the base.

7. A given weight P is connected with a cylinder

by means of a string wound round it, and descends

48 feet in 2 seconds, causing the cylinder to revolve

round its axis. What is the weight of the cylinder?

8. A cylindrical vessel, whose height is equal to

its diameter, is iilicd with water. With what velo-

city must it be whirled round its axis, that half the

water may be thrown out ?

9. Approximate to the root of the equation x^+
x"^ + X = ^O ; and shew that the accuracy of the

approximation depends upon the quantity assumed

being much nearer to one root than to any other.

10. If the earth and moon were at rest, having

given their quantities of matter and densities, it is
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required to determine the least velocity, with which

a body projected from the moon would fall to the

earth.

11. If a body be projected from an apse with the

velocity acquired in falling from an infinite distance

when the force varies inversely as the w"' power of

the distance. In how many revolutions, or in what

parts of a revolution, will it either fall into the

center, or go ofito infinity?

12. When a globe oscillates in a resisting me-

dium having given the diameters of the globe and

of the string, compare the resistance upon the

string with the resistance upon the globe.

13. Divide a given angle into two such parts, that

the cube of the sine of one part multiplied into the

square of the sine of the other may be a maximum.

And give the geometrical construction for dividing

the angle.

14. Resolve the fluxional equation jri+flfj/i-— ?^^

= 1.

15. Supposing the moon's orbit nearly circular,

find the increase of her velocity by the tangential

force, while she moves from quadrature to syzygy.

16. Resolve into its quadratic divisors.
1 +cT'*

^

17. The height of the tower AB is to be deter-

mined by measuring the base BC, and taking the

angle ACB ; supposing there to be some small error

in the observation, at what distance from the foot

of the tower should it be made, that the corre-
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spending error in the height of the tower may be a

minimum ?

18. Having given the fluent of {a + Cx!")'"x«^"-'i,

find the fluent of (a+ c^'»y«+^ X zP'^'-'^'-'z.

Find the fluent of v'^x, where v = the hyp. log. of

X
Find the fluent of ., ,

—
-, .

V(l+« )

19. Find the magnifying power, and field of view,

of Cassegrain's telescope.

20. Sum the following series ;

1 1 to n terms, and ad inf.
1.5 3.7 5.9

1 1 -pi -\ &c. ad inf.

1.2 ^ 3.4 5.6 7.8

H &c. ad inf.

1 — :^^ + 7-^ - iT^s + &c. ad inf.

1.2.5 2.3.7 3.4.9

i_ + J L
3.3 5.3' 7.3^

21. Having given the diameter of a primary

planet, and the force of gravity upon its surface,

and also the periodic time and distance of the secon-

dary revolving in a circle, to find the quantity of

matter in the secondary.
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22. Explain the principle of interpolations.

—

And having given on the 19"' of any month, at

noon, the sun's declination = 28'. 41" North ; on

the 20'*' = 5'. O" North; and on the 2l"=18'.4l"
South ; find the time of equinox.

23 Shew that if a globe of fluid matter revolve

round its axis, it will put on the form of a spheroid.

24. Shew that every section of a solid formed by

the revolution of a conic section round its principal

axis is also a conic section.—And if a paraboloid be

cut by a plane parallel to its axis, the section will be

a parabola similar and equal to the original one.

25. Shew that the area of the least polygon cir-

cumscribing a circle : the area of the greatest poly-

gon of the same number of sides, inscribed in the

circle :: (radius)- : (cos.)^ of half the angle sub-

tended by any side.

Mr. J. Brown

FOR THE FIFTH AND SIXTH CLASSES.

1. The rectangle contained by the diagonals of a

quadrilateral figure inscribed in a circle, is equal to

both the rectangles contained by its opposite sides.

2. In the collision of two perfectly elastic bodies,

the sum ofthe products of each body multiplied into

the square of its velocity, is the same before and

after impact.

3 Shew that, when bodies revolve in circles

having the force in centre, the force varies as the
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radius directly, and the square of the periodic time

inversely.

4. Given the sines and cosines of two angles, to

find the sines and cosines of their sum and diflfer-

ence.

5. Shew that an arithmetic mean is greater than

a geometric one.

6. Sum the following series

:

4 4
12 + 4-f - + - &c. in inf.

h 4- &c. m mi.
1.2 2.3 3.4

7. Explain the cause of the change of seasons,

and of the difference of the lengths of day and

night.
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1807.

First Morning.—Mr. D'Oyly.

Monday, January 19, I807.

1. Find the least whole number, which, when

divided by 3 and 5, has its respective remainders 1

and 3.

2. A spherical triangle has its angles l6o^, \bO^,

and 140". Compare its area with that of a great

circle of the same sphere.

3. The equation ar^4-8a?^+ 20^+ l6 = has two

equal roots. Find the three roots of the equation.

4. The sun's right ascension is 40^, and the lati-

tude of the place 52°. Find the ascensional differ-

ence.

5. If the force varies as the cube of the distance,

how far must a body fall internally to acquire one-

third of the velocity in a circle ?

6. A lighter fluid rests on a heavier : their specific

gravities are respectively 3 and 6. A paraboloid

whose equation is a 0^=3/'*, floats between them with

its vertex downwards, and sinks with one-fourth of

its axis in the heavier. Find the specific gravity of

the solid.
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7. A groin is generated by a square moving pa-

rallel to itself, the section through its opposite sides

being a semi -cubical parabola. Find the time in

which it empties itself through a given hole in the

vertex.

8. The periphery of a circle revolves on a diame-

ter for its axis. At what distance from this axis is

its centre of gyration ?

9. Two telescopes^ of Sir I Newton's construc-

tion, with equal reflectors, have the same degree of

indistinctness. Compare their magnifying powers,

and their degrees of brightness.

10. Find the relation of x to 7/ in the equation

ax^=yy'^— hxy.

11. There are 4 individuals, of such an age, that,

according to the tables of mortality, it is just an

even chance whether each will be alive at the end

of a year. What is the probability that two of them

will die in that time ?

12. Sum the series

1 1.2 1.2.3 1 .2.3.4 . , .^
-

-I H — + r + &c. ad mnn.
3 3,4 3.4.5 3.4.5.b

also, 4- + V &c. to n terms.
' 1.5 ^ 3.7 5.9

^

13. Find fluents of

XX XX^{\—X^^ 1 X

where e is the number whose hyp. log. is I.
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First Afternoon.—Mr. Woodhquse.

THIRD AND FOURTH CLASSES.

1. Find the interest on 12*. 4d. at 4§ per cent.

2. Given the first term = 1, the number ofterms

z=zn, and the sum = S; Find the common differ-

ence, the series being arithmetical.

3. Prove that sin. (6o + ^) = sin. (6o--^) +
sin. A.

4. Prove that

sin, a + sin. & ^ /a-¥b\ , ,. , .— —7=tan.( J (radms = l.)
cos. a+ COS. 6/ V 2 y ^

5. Compare the sun*s apparent diameter at the

extremity of the latus rectum of the earth's orbit,

with the perigean apparent diameter.

6. If two bodies are moved at the same time

towards each other, from the two extremities of a

vertical Hne (L) ; one projected upwards with a

3//
velocity acquired down— , the other let fall from

rest; It is required to find the point where they

meet.

7. A cubical vessel is filled with water, and into

its side a bent tube is inserted, filled with water,

and communicating with the water in the vessel

;

Required the pressure on the top of the vessel, the

vertical height of the extremity of the tube above

the vessel being m times the height of the vessel.

8. Let the focus of incidence Q be I radius from
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the vertex of a spherical concave reflector ; Find

the place of q, the focus of reflected rays,

9. Let a weight P, descending vertically, draw Q.

up an inclined plane, the elevation of which is 30

degrees. Find the velocity of P, after that a time

/ is elapsed.

10. In Newt. Prop. VIII. Sect. 2. a semi-circle

is described by P ; what must be the change of

circumstances that an ellipse may be described ?

—

—

a )j

and fluent of riV(l -^-x).

12. Shew by what method the obliquity of the

ecliptic is determined.

13. In elastic bodies, shew that, if^ overtake jB,

the velocity of B after impact is greater than the

velocity of A.

{Latitude = /,

Sun's altitude = a,

Comp. declination =^.

It is required to prove; that, t being time from noon,

/P+ l+ci\ /"P + l-tCL X
ver. sm. t = 2 cos. (^ \ sm. f- a)

X cosec. p . sec. /.

- 15. If a point be kept at rest by any number of

forces represented by the sides of a polygon, then

any one force is equal and opposite to the result of

all the other forces. Required proof.

16. Sum 1 + 3 + 6 + 10 + 15 &c. to m terms.

17. Let a body be projected from the top of a

tower horizontally, with a velocity acquired in fall-
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ing down a space equal to the height of the tower.

At what distance from the base of the tower will it

strike the horizon?

18. Sum r* + 23 + 33 + &c n\

by the method of increments.

19. In the equation x^— x"' -\- -x—l =0,

two roots are of the form a and - . It is required
a ^

to solve the equation.

20. Compare the velocity of a body moving in

a parabola, at the vertex, with the velocity at the

extremity of the latus rectum ; force being in the

focus.

21. Let a body revolve in an hyperbola. Required

the law of the centrifugal force directed from the

center of the hyperbola.

Mr. WOODHOUSE.

FIFTH AND SIXTH CLASSES.

1. What is the interest of £l. 1*. 6d. for oner

year, at 5 per cent. ?

2. Find 4 numbers in arithmetical progression, the

common difference being 3, and their product 280.

3. Prove, that tan. 2A is greater than 2 tan. A,

A AAb°.

4. Let 3 equal bodies be placed in the 3 angles

of a triangle. Find their center of gravity.

5. Compare the velocity of a body at the extre-
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mity of the latus rectum of an ellipse, with the velo-

city at the mean distance ; force being in the focus.

6. The specific gravities of mercury and water

being as 13568 to 1000. What ought to be the

length of a water barometer inclined to the horizon

at an angle of 30", the mercury standing at 30. 5

inches ?

7. In north latitude 52^ 12'. 36", and with 1°. 30'.

O", north declination, how long in 24 hours is the

sun above the horizon ?

8. Find the fluxion of ;, and the fluent of

oc{l-\-ax)~i.

9. Q, the focus of incidence, is distant 100 radii

from the vertex of a concave spherical reflector.

Find the place of q, the focus of reflected rays,

10. S, S', S'\ are the sums of 3 arithmetical se-

ries ; 1 is the first term in each, and the respective

differences are 1, 2, 3 ; then

S -f- S" = 25'. Required proof.

11 x'+y'^b,
3 xy — 6.

Find X and y.

Evening Problems.— Mr. Woodhouse.

1. Required the amount on ^30. 15*. at 3d. in

the pound.
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2. The first term in an arithmetical series is 1,

and the difference is m ; then the sum of n terms

mii^ — {m—2)n „ . , r.— ^ {_ Required proor.

2 /a
3. Let x^ - px— q = 0, assume tan. g= ,

rad. = 1 ; then the two roots of the quadratic are,

v z , p z
-tan. x.cotan.- , and — '- tan. sj.tan. - .

2 2' 2 2

Required proof.

4. Prove, that in every quadrilateral figure, the

sum of the squares of the "two diagonals is double of

the sum of the squares of the two right lines that

join the middle points of the opposite sides.

5. If £l. at compound interest^ rate r, doubles

itself in n years; and, rate 2r in m years; what is

the ratio between w and mP Is it less or greater

than, or equal to^ the ratio of 2 to 1 }

6. If 2 cos. be assumed = u + -, rad. = 1, then,
?/

2 COS. 2 61 = vr+ —

,

2 COS. 30 = M^+—

,

and generally,2 cos. nO = ?/" +— . Required proof

7. Find the fluxion of h. 1. .r.e"''-^ e being the

base of the hyperbolic logarithms.

8. Find the fluents of

XX
1 r ^

y/ {\^-xY 1+ a. cos. a?
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9. A pipe, cylindrical within, is placed vertically,

filled with a fluid : what ought to be the law of the

increase of the thickness of its sides, that it may be

equally strong throughout ; the increase of strength

being supposed to vary with the increase of thick-

ness ?

10. Let two bodies, with velocities v, v\ be pro-

jected at the same time and towards each other,

from the two extremities of a vertical line ; then

they shall always meet in the middle of the line, if

the difference of the squares of the velocities v, v',

is equal to the square of a velocity acquired in fall-

ing down half the line.

11. The weight P is attached to a string which

goes over a fixed pulley at A, and is wound round

-'R

cQ 6
jP

a thin cylinder C, the weight of which is fV. Re-

quired P, such, that it shall neither ascend nor

descend, whilst C descends by the unwinding of

the string.

12. If from the four angles of a pyramid there

be drawn lines to its center of gravity, then a point

there placed, shall be kept at rest by forces repre-

sented by the 4 lines. Required proof.

13. Let the axis of motion pass through a thirt

Q
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straight rod of uniform thickness and density, divid-

iwr the rod into 2 arms that have the ratio of 2 to

1 . It is required to find the velocity acquired by
the extremity of the longer arm, when the rod shall

have moved from an horizontal to a vertical po-

sition.

14. If the sine of incidence be to the sine of re-

fraction as I : «, then the focal length ffj of a

double convex lens, may be nearly had from this

expression,

11 —n fl ^
_i_

^ ~^ *}

r, r being the radii of the two surfaces, and t a very

small quantity, the thickness of the lens. Required

proof

15. Prove, that the earth's angular velocity at

mean distance is less than the mean angular velo-

city.

16. Prove, that the augmentation of the sun's

apparent diameter from apogee is nearly propor-

tional to the versed sine of angular distance from

apogee ; the excentricity of the earth's orbit being

a small quantity.

17. Giveti the right ascension and declination of

the moon's center, and of a fixed star. Find their

distance.

18. Given the latitude of a place, the sun's de-

clination and altitude. Find the azimuth, and under

a form adapted to logarithmic computation.

19. The line of the nodes being in octants, and

the body P (Newt. Sect. 11.) in quadratures, com-
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pare the disturbing force that acts perpendicularly to

the plane of the orbit, with the like force, when the

line of the nodes is in quadratures, and the body in

octants; the inclination of the orbit being supposed

to be the same.

20. o, b^ are two fixed pullies over which the

string passes, to which m, m', m, three equal

OiVi? /?^0

weights, are fastened. Suppose ni to be let fall

from c, it is required to find the distance from c, at

which its velocity is the greatest.

21. Let a weight P, fastened to a string going

over a wheel, by its descent, cause two weights, Q,

Q!, to be wound up on two axles. Required the

velocity of P, after that it has descended through a

space s ; the radii of the wheel and of the two axles

being r, r', r".

22. A and B play at a game, each with an equal

chance of success, and with this condition ; y^ gives

to 5 a sum S if he loses the first time; 2/5", if he

loses two games successively ; 4 5, if three games

successively, &,c. ; and 2"~*<S, if he loses n games

successively. What sum, on the received principles

of chances, ought B to give to Ay as an equivalent

of the risque he encounters?
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Tuesday Morning Papers.—Mr. Woodhouse.

FIRST AND SECOND CLASSSES.

1

.

Given, the logarithm of 8.1 213 = .9096256 ;

581.213

.081213,

and to prove the justness of the operation.

2. Prove that

tan. [45 -\- J) = tan (45-^) + 2 tan. 2 J.

3. Prove that the tangential part of the ablatitious

force varies as sin. 26, 6 being the angular distance

of P from quadratures (Newt. Sect. 11.)

4. The force varying as the distance, let a body

be projected with a certain velocity, at a given dis-

tance fdj from the center, at an angle, the sine of

which is S. It is required to prove that the orbit

described must have an apse.

5. State the usual distinction between apparent

solar year, and mean solar year ; and explain the

cause of their difference.

6. Explain the method of finding the right ascen-

sion and declination of a star.

7. Given the right ascension and declination of

a star ; find its longitude.

/* % 1

r, = - tan. nz.
[COS. n^y n

9. If the hyplog. of n be i^ivcn, then the hyp.
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log. (« + 1 ) may be conveniently found from this

formula : hyp. log, {I -\-n) =

hyp. log. n + 2{^ +
I

. ^5^» + &c.]

Required proof.

10. Given the plane AC; It is required to find

the elevation of the plane JB, such, that W shall

A

be drawn by P from the horizontal line BC to the

point A in the least time possible.

11. Find the integral of—; 5—7—;—j-\ j ^

being the increment of z.

12. Let y = r ; trace the curve, find the
^ I +x^

values of 1/ when a maximum, and at the point of

contrary flexure ; and find the value of the angle in

which the curve cuts the axis at the point of inter-

section,

13. Investigate a formula for clearing the

moon's distance from a star, from the effects of

parallax and refraction.



126 CAMP.RIDGE PROBLEMS. [iSO/-

Morning Problems.—Mr. D'Oyly.

THIRD, FOURTH, FIFTH, AND SIXTH CLASSES.

1. What is the discount on £80. 10,y. for .3

months, at 3| per cent. ?

2. A clock has two hands, turning on the same

centre ; the swifter makes a revolution in 5 hours,

the slower in 9, If they start from the same point,

when will they next meet?

3. Prove Napier's rules for solving a right-

angled spherical triangle, in the two cases, in which

one of the sides is made the middle part.

4. Prove, that the tan. \- cotang. of an arc is

equal to twice the cosec, of double the arc.

5. The roots of x^ —'Jor-\- 14cr— 8 =0 are in

geometrical progression. Find them.

6. Find a number greater than the greatest posi-

tive root, and also one less than the least negative

/
root of the equation x^ — Ax'— j; + 20 = O.

7. A lighter fluid, whose specific gravity is 3,

rests upon a heavier, whose specific gravity is 7. A
,

paraboloid, with its vertex downwards, rests between

them, and sinks with | of its axis in the heavier.

—

Find its specific gravity.

8. Two bodies, P and Q, each 1 lb. in weight,

balance on a single pulley. An ounce weight is

added to P. How long is it in descending through

12 feet } and what velocity does it acquire }

9. A set of 5 balls, imperfectly elastic, arc in a
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geometrical progression, whose common ratio is 2.

The force of elasticity is to the force of compression

:: 3 : 2. Compare the velocity of the first with that

comm'unicated to the last.

10. The tube of a barometer is 33 inches long.

A quarter of an inch of air was left in at the time

of inversion. When the mercury in this barometer

stands at 28 inches, what is the true standard alti-

tude ?

11. Find the latitude of the place, at which the

sun sets at 10 o'clock on the longest day.

Tuesday Afternoon.—Mr. D'Oyly.

1. Find two numbers, such, that their difference

may be 4, and that twice their product may equal

the cube of the less.

2. A curve has its subnormal : (abscissa)^ :: 2a^ :

1. Find the equation to the curve; draw a tangent

to it, and find its area.

3. Find the focal length of a double convex lens

;

and shew that in a glass lens, with surfaces equally

curved, it is equal to the radius of either surface.

4. When the moon's elongation is 6o°, delineate

her phase, and prove the area of the enlightened

part to be -]- the area of the dark part,

5. A comet is in the perihelion of a given ellipse.

Compare its velocity with the velocity it would have

in a parabola, at the same perihelion distance.
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6. An object is placed before a double concave

lens, at the distance of 5 feet, and has the linear

maij^nitiide of its image
"J
times less than its own.

—

Find the focal length of the lens.

7. Sum the series

1 1 1 J a+ —— — ike. aa mhn.
3 3.2 3.2'

also sum n terms of r + 2^ 4-3" +4^ + &c.

8. Find the fluents of

x'^x ^(l —x^), of—-—^

—

-
5 and of

where a is less than unity.

9. Find the relation of x to y in \/(l + ?/^)x

{xy+yx)=yy.

10. If the 4th power of the periodic times in

diflferent circles varies as the cube of the velocities,

find how the force, periodic time, and velocity, vary

in terms of radius.

11. When a body describes the reciprocal spiral,

prove that it makes equal approaches to the center

in equal times ; and find the area contained between

any two distances.

12. In what part of the moon's orbit does the

ablatitious force bear to the addititious the propor-

tion of 4 to 3 ?

Mr. D'Oyly.

FIFTH AND SIXTH CLASSES.

1 . Find the greatest common measure of 720, 336,

and 1736.
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2. Prove the rule for finding the square root of a

binomial surd, and extract the square root of the

surd 5 — 2 v^().

3. Shew that in a plane triangle, the base : sum
of sides :: difference of sides : difference ofsegments

of base.

4. Find the value of x in 3x+ 2sJx— 1=0.

5. An inclined plane has its length 6 times its

height: How long will a body be in failing through

20 feet r and what velocity will it acquire ?

6. A body weighing 6 lbs. in air, weighs 2 lbs. in

water; another weighing 7 lbs. in air, weighs 4 lbs.

in water. Compare their specific gravities.

7. Prove that the periodic times in all ellipses

round the same center are equal.

2 2 2
8. Sum — —

f- &c. ad infin.
10 100 1000

and 5 -[- 7 + 9 + 1 1 + &c. to 50 terms.

9. Find the fluxion of

and the fluent of
^{l ^x") '

""^ ' ^'^ ^{2ax-x')

10. A short-sighted person, who cannot see dis-

tinctly beyond 3 feet, wishes to see an object at 14

feet distance. What sort of glass must he use, and

what must be its focal length ?

n
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Evening Problems.—Mr. D'Ovly.

1. Find the exact value of the decimal .01232.'^

&.C ot a pound,

2. Let.r</-4-6ry = 10', and x/l = I \/_L_
4x 2 //-I

'

Find corresponding values of .r and «/.

3. The roots of 8x'^— 6x^ - 3^- + 1 = O are in har-

nionical proportion. Find them.

^ 4. Prove that the perpendicular ascent of an

lieavenly body is always quickest on the prime ver-

tical.

5. A cylindrical vessel of given diameter is filled

with fluid to a certain height ; its height is divided

^t some point. What must be the height of the

fluid, and where the point of division, so that the

pressures on the base, on the upper surface, and on

the lower, may all be equal ?

6. Find the attraction of a particle placed in the

vertex of a paraboloid, the attraction on each parti-

cle being reciprocally as (dist.)^

7. The equation to a curve is i/\^(2ax- x^) = ax.

Find its area ; and prove, that when x is equal to a^

the whole area equals the excess o^ ABCE above
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ADCE , AEC being a quadrant, and ABCD a

square on AB.

8. A body weighing 2lbs. is projected with a

velocity 20, at an angle of 60*^
; another, weighing

3lbs. is at the same time projected at an angle of

30^, with a velocity 25. Trace the motion of their

common center of gravity ; find the height to

which it mounts, and the distance at which it

strikes the horizontal plane.

9. AEC is a quadrant; the curve AQm is traced

m

by taking its abscissa always = arc AE, and its ordi-

nate = twice sine E B. Draw a tangent to the

curve at any point, and find its area for the whole

quadrant.

^ 10. The chances that each of two individuals

5 4
will die in a certain time are respectively^ and -.

Find the two probabilities, that they will not both

be alive, and that they will not be both dead, at the

end of that time.

11. Explain the method of transforming an equa-

tion, in which x flows uniformly into one, in which
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If flows uniformly; and by this method solve the

equation \ if - xy = ,rf/\

\2. A weight, suspended by a string of given

lengtli, is whirled round in a eonical motion; that

is, it describes, parallel to the horizon, the base of a

cone, of wliieh the vertex is the point of suspension.

The tension of the string being 3 times the natural

weight of the body, in what time does it revolve ?

13. A body is projected from an apse with a

velocity, which bears to the velocity, in a circle at

the same distance, the proportion of 1 to \/.3, force

varying as ~ . Find the angle which it describes

round the center of force, before it falls into it; and

compare the time with the periodic time in a circle

at the same distance.

14. A straight line is placed at the distance of 9
inches before a double convex lens, whose focal

length is 6 inches. Prove that the image will be

a conic section, and determine its major and minor

axis.

15. A cylindrical bent tube is partly filled with

a fluid, whose surfaces rise and fall alternately. Shew
that this fluid librates twice^ in the time that a pen-

dulum, whose length equals twice the line of fluid,

oscillates once.

16. A chain of uniform thickness, hanging freely,

and pliant in every part, forms itself into a cycloid.

Required the law of its density and weight.

17. The quadrant JC is a thin rod, which re-
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volves on the axis AB perpendicular to the horizon.

A ring moves freely on the rod. With what velo-

city must the point C revolve, in order that the ring

may always remain at the middle of the arc ?

18. A pendulum, vibrating in a certain time at

the pole of a sphere, vibrates once less in 100 times,

when carried to a place 30° from its equator. In

what time does the sphere revolve round its axis ?

19. Given a star's aberration in latitude and lon-

gitude; find the aberration, in declination and right

ascension; and explain where a star must be situ-

ated, so as to have the same aberration in latitude

and declination.

20. Two globes, of equal weights and diameters,

are placed in contact, on a straight rod which passes

through both their centers; the point of suspension

is distant one diameter from the vertex of the upper

one. Find their common center of oscillation.

21. Find fluents oi'v^x\v,w'hcrevis hyp. log oix

of
.r

^ , and of vx.T, where t=

hyp. log
a ~ X
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^22. Suiii tlio tollowing series:

- — —- -r > — &c. ad infin.
o 2.2 2.2

2 3 4 „
4- + r. &c. to n terms

;

1.3.4 2.4.5 3.5.6

and, V r- + -4'+ 7'
-i-

10' to n terms.

23. The powers of the sun and moon to raise a

tide being respectively given, and the moon's elon-

gation from the sun. Find the place of the com-

pound high tide.

24. A man descends from an height in the at-

mosphere, suspended from the center of a plane

circle, whose diameter is d. The weight (in air) of

himself and the machine is iv lbs. ; a cubic foot of

air weighs every where 1 + oz. and gravity is con-

stant; find the greatest velocity he can acquire, and

shew that he can attain this velocity in no finite

time.
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1808.

First Morning —Mr. D'Oyly.

Monday, January 18, 1808.

first and second classes.

1. Prove that the difference of the tangent and

fjo-tangent of an angle is equal to twice the co-

tangent of double the angle.

2. Prove Napier's rules for the solution of a right-

angled spherical triangle, in the two cases, in which

the complement of the hypothenuse is made the

middle part.

3. When a pendulous body oscillates in a cycloid,

beginning at the highest point, compare the tension

of the string at the lowest point, with the tension

caused by the natural weight of the body.

4. Find the actual velocity and periodic time of

a body revolving at its distance of two of the earth's

radii above its surface.

5. A straight rod is suspended at a point, distant

J-th of its length from its extremity. Compare the

time of its oscillation in this case, with the time of

its oscillation when it is suspended at its extremity.
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(). (iivon (ii = {bt/-\-a-)\i/, where s is the arc ot

a curve, and // the ordinate; find the relation be-

tween the ordinate and abscissa.

7. Find the centre of gravity of a given sector of

a circle.

8. If two bodies are connected bv a lever void of

gravit}'^, and a force acts perpendicular to the line

which joins them, at a point which is not their cen-

ter of gravity ; find the center of initial rotation.

9. A cylinder, whose radius — 2 feet, and whose

wcightrr 100 lbs. is moveable on its axis. A weight

of 1 lb. is suspended at the distance of half its radius

from the axis. How long must this weight act, to

generate a motion of 10 revolutions in 1"?

10. Affect V V V with r, and reduce it to
—5-1 2

succeedins: values of v.
C3

X"'.l'

11. Find fluents of (sin. zYz. of 7;

—

'—: , and of
^ (log. x)

X

1 —x^

12. Sum A X - + -1- X - +~- X^ + &c.
1.2 32.3 93.4 27

to n terms

;

and ~„ ' + —: - &c. ad inf.

13. Compare the chance of throwing^ with a

single die, an ace at least 3 times in 5 trials, with

the chance of throwing it 3 times exactly in the

same number of trials. /
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First Afternoon.—Mr. Woodhouse.

1. Compare the interest on ^350. 15a-. at 4| per

cent, with the interest on o£4 50. 15^. at3| per cent.

2. Prove, 1'', That three perpendiculars from the

angles of a triangle upon the opposite sides inter-

sect each other in the same point.

2ciiy^ That three lines drawn from the three angles

of a triangle, and bisecting the opposite sides, inter-

sect each other in a point which is the center of

gravity of the triangle.

3diy^ That three lines drawn from the three angles

of a triangle, and bisecting those angles, intersect

each other in a point, which is the center of an

inscribed circle.

^thiy^ That three lines bisecting the three sides

of a triangle, and drawn perpendicularly to the sides,

intersect each other in a point which is the center •

of a circumscribed circle.

3. In what point of the cycloid will the force

stretching the string, and the force accelerating the

body, be equal ?

4. If the perihelion distance of a comet moving

in a parabolic orbit be 64, the earth's mean distance

being 100, compare its velocity at the extremity of

the latus rectum with the earth's mean velocity.

^ 5. Compute the value of the tangent of 16°.

6. By what method can the planets' distances

from the sun be computed ?
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7. Find the fluxion of (1 - x'""' -^
x'^' )

"

,

and the fluent of - ., ~ --'
,, .

V{l+x')

8. Place an object 100 feet before a concave

spherical reflector, of which the radius is 10 feet;

then find the distance between the principal focus

and the focus of reflected rays.

9. Define the longitude of a place, and explain

by what methods it can be determined.

10. Find the present value of a perpetuity of £5.

per annum, to be received at the end of seven years,

the rate of interest being 5 per cent.

11. Investigate an expression, from which a

pendulum, losing or gaining n seconds in 24 hours,

may be shortened or lengthened.

12. Explain what is meant by the Aberration of

Light ?

If from such aberration we perceive the apparent

pjaces only of stars, by what means can their real

places be assigned ?

13. What is the difference between the latera

recta of a parabola and ellipse having the same

least distance = 1, the axis major ofthe ellipse being

300 ?

14. Given the logarithms of 20=1.30103000

of 30 = 1.47712125

Deduce thence the logarithm of 36o.

15. Explain the construction of the horizontal

sun-dial ; and compute, for the latitude of Cam-

bridge, the hour-angle between 2 and 3.
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16. If bodies are imperfectly elastic, shew that

the sum of the product of each body into the square

of its velocity, before impact, is greater than the

sum of the product of each body into the square of

its velocity after impact.

17. If the sun's apparent diameter at the extre-

mity of the latus rectum were to his apparent

diameter at perigee as 100 : 101, what would be

the excentricity of the solar ellipse ?

18. Define the centrifugal force; find an ex-

pression for the law of its variation ; and compare it

with the centripetal force which acts upon a body

moving in the logarithmic spiral.

19. Find the nature of the curve, in which the

square of yaCjpfdinate is a mean proportional, be-

tween the area and a given quantity h.

20. Let a body be projected at an angle of 45°

with a velocity acquired down the axis of a cycloid.

Compare the time of flight with the time of an

oscillation.

21. Sum the arithmetical series

1 + 5 +9 + 13 &c. to w terms.

^
22. State Napier's rules; and prove their truth,

in the case in which the complement of the hypo-

thenuse is the middle part.

23. Find the attraction of a corpuscle situated in

the axis of a cylinder towards the cylinder, the par-

ticles of which attract according to the law of the

inverse square of the distance.
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Evening Problems.—Mr. Woodhouse.

1. DeHne discount; investigate a formula for

computing it ; and apply such formula to the com-
putation of the discount on ,£lOO. due at the end
of .) months.

2. Find the sum of n terms of a series of poly-

gonal numbers, which numbers are formed, by

assuming any arithmetical series that has its first

term 1, and difference a whole number, and by

making, generally, the m"' polygonal number equal

to the sum of n terms of the arithmetical series.

3. By Nautical Almanack, the^ mdbn's right

ascension was at Midnight, March Hi,^ 4'^. 56',

Noon, March 11, = 10«. 34',

Midnight, March 11, = 1^°. 18'.

It is required to find the right ascension March 1 1,
3*^.

4. The axis of the solar ellipse having a yearly

progressive motion of l'. 2", and the longitude ofthe

perigee being in 1^50, 278'^. 37'. 15"; it is required

to find the epoch, at which the axis was perpendi-

cular to the line of the equinoxes.

5. From the two ends of a vertical line, two bodies

are, at the same instant, projected towards each

other, with velocities v, v . Required their distance,

when half the time, in which they would meet, is

elapsed.

6. If a power P descending vertically by means

of a string passing over a fixed pulley, elevates a
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weight IV', what will be the pressure sustained by
the axis of the pulley ?

7. Let the wheel EG revolve round an axis at C
Required the nature of its tooth or iving EF, that

shall elevate vertically the piston AB through equal

spaces, whilst the wheel revolves through equal

angles.

8. Given the velocity of sound; find the horizon-

tal range when a ball at a given angle is so projected

towards a person, that the ball, and sound of the

discharge, reach him at the sanie instant.

9. The late comet passed its perihelion Sept. 21,

1807; ai^d the perihelion distance was .64, the

earth's mean distance being 1. Required the com-

putation of the velocity with which it is now mov-

ing, January 18, 1808; the orbit being supposed

to be parabolic,

10. With three dice in one throw, compare the

chance of throwing the number 10 with the chance

of throwing the number 5.
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11. Find the fluent of the fluxional equation

y

and of Q sin. mO. sin. n 9. (radius =1.)

12. Let a square be immersed in a fluid, with its

plane perpendicular to the surface. Compare the

pressures on the two halves of the square, made by

drawing its diagonal.

13. If the fluent of the fluxional equation pi-\-qy

=0 can be assigned, jt and (j being functions of x

and y then P̂ _ fj

Required proof.

14. Compare the velocity of the moon in octants,

with her velocity in syzygies, according to the prin-

ciples of the 11th section.

15. Find, by the method of increments, the sum of1,3 6 . 10 . -

1.2.3.4^2.3.4.5^3.4.5.6 4.5.6./^
"

the numerators being the second order of figurative

numbers,

}6. If C be the place of a comet in its parabolic

orbit. A the perihelion, S the sun, G the middle
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point between A and S, GN a perpendicular to

AS; then, if from the centers C and S, and with

anv radius, circular arcs be described intersecting

each other in e and d, and erf be joined, a point H
in GN is determined, such, that GH shall be pro-

portional to the time of the comet's moving through

the arc AC. Required proof

17. Let d be the distance of the focus of incidence

from the center of a concave reflector, and let a ray

be incident on the reflector 6o^ from its vertex. It is

required to find the distance, in the axis of the

reflector, between the geometrical focus and the in-

tersection of the reflected ray with the axis.

18. If a pendulum, vibrating through an arc of

2 degrees on each side ofthe vertical, keep true time,

find nearly the error of time introduced by making

it vibrate through 2°. 10'.

19. Express the cos. Ax in terms involving powers

of cos. X.

20. Investigate the nature of the curve, of which

the normals bear the same relation to the parts of

the abscissa intercepted between the origin of the

abscissas and normals, that the ordinates of a com-

mon parabola bear to their corresponding abscissas.

21. Suppose a piston, closely fitting a vertical

tube, to descend by its weight, the tube being filled

with an elastic fluid, and closed at the end opposite

to the piston ; find the velocity of the piston after a

descent through a spacers', not considering the effect

of friction.
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22. If a body be made to descend obliquely along

the concave surface of a vessel, the axis of which is

perpendicular to the horizon; then the fluxion of

the area, projected upon a plane perpendicular to

the axis, is a constant quantity. Required demon-

tion.

23. BCFA is a piece of timber inserted into a

wall at AF. If a weight P be appended to the end

El

B, what ought to be the form of the under-bound-

ing surface BCF, that the strength of the beam
may be every where the same ; the weight of the

beam being supposed to have no eflfect in produc-

ing fracture ?

24. .r^- 2.r'' +1 =0. Deduce the equation of

which the roots are the cubes of the roots of the

original equation.

Tuesday Morning Problems.—Mr. Woodhouse.

FIRST AND SECOND CLASSES.

1. The rate of interest being 5 per cent, in what

number of years, at compound interest, will £l.

amount to £ 100. ? (Log. 1050 = 3.0211893.)
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2. Prove, that tan. 50=tan. 40 + 2. tan. 10.

3. Find the algebraic relation between v and z

that satisfies this equation

^{Av' + Bv +O + ^{Az' + Bz + C)~^'

4. Prove, that

hyp. log;. X=::X~X~^ ^

-i
— — &c.

5. If e^ = , find the length of the curve

;

1/ and x being its ordinate and abscissa^ and e the

number whose hyp. log. is 1.

6. Required the time of the passage of a comet

from its perihelion, through 45" of anomaly ; the

perihelion distance being 1.

7. In the lO"' section, if the diameter of the

wheel be equal to the radius of the globe, the cy-

cloid within the globe, or the hypocycloid, becomes

a right line passing through the center. Required

proof.

8. Explain the principle and use of the common
Vernier or Nonius.

9. Apply the method of increments to sum n terms

of the series

1 , 2^ 3'
,

4"-

1.2.3 2.3.4 3.4.5 4.5.6'

1 -I- 2.5 + 3.5- + 4.5- + &C.

T
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10. If the sun's declination on the meridian of

Greenwich

were, October 5, 4°- 28'. 36",

and October 6, 4°. 51'. 4G",

what would be the declination at 2 o'clock, October

5, at any other place 45° west of Greenwich ?

11. Prove that the times of moving from the peri-

helion to the extremity of the latus rectum, in differ-

ent parabolas, vary in the sesquiplicate ratio of the

perihelion distances.

12. If, with a force varying ,. , a velocity

which is to velocity in circle as >>y3 : >>/2, at an

angle 6, and at a distance d, a body be projected

;

find the excentricity of the orbit described.

13. Let the luminous point be the extremity of

the diameter ofthe circular reflector; find the length

of the caustic, its cusp, and the density of rays in

its cusp.

Mr. WOODHOUSE.

FIFTH AND SIXTH CLASSES.

1. If I of a yard cost 9^. 4d. what number of

yards will o£lOO. purchase?

o /r /T 4- 2
2. Solve the equation 1 = -— 1^

and of the two expressions oc^ -f-y'

Shew which is the greater.
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3. With what velocity must a body be projected

from a tower, in a direction parallel to the horizon,

so that it shall strike the ground at a distance from

the foot of the tower, equal half the height of

the tower?

4. What is the present value of the compound
interest of £ 100. to be received five years hence?

5. Compare the angular velocity of the earth at

its mean distance, with its angular velocity in peri-

helion.

6. Find the fluxion of ^
, and the flueait of

1+2;
3 A —

'

x^d:(l -\- ax^ )
^.

7. Find the focal length of a spherical drop of

water, the radius of which is -rVth of an inch.

8. If the periodic time of Mercury be to the

periodic time of the earth as 4 : 11, required the

time from conjunction to conjunction.

9. In what time will a weight move an equal

weight along an inclined plane, the length of the

inclined plane being 12 feet^ and the height 10

feet ?

10. Required the specific gravity of a body that

floats in 2 fluids, of which the specific gravities are

a and b, when the n^^ part of the body is in the

upper lighter fluid.

11. Given, in a rectilinear triangle, two sides and

the included angle; find the third side.
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Tuesday Afternoon.—Mr. D'Oyly.

THIRD, FOURTH, FIFTH, AND SIXTH CLASSES.

1

.

Find the exact value of the circulating deci-

mal .2121121 &c.

2. Find a number consisting of 2 places, such,

that when it is divided by the difference of its digits,

the quotient is 21 ; and that, when it is divided by

the sum of its digits, and the quotient increased by

17j the digits are inverted.

S. The roots of the equation j,
' - \Ax^ ^-bQx—

64 = are in geometrical progression. Find them.

4. Given the tangents of two arcs, find the tan-

gents of their sum and difference.

5. Shew, that in a right-angled spherical triangle,

if the legs are of the same affection, the hypothe-

nuse is less than a quadrant; and, if the legs are of

different affection, the hypothenuse is greater than

a quadrant.

6. A body, projected at an angle of 15° to the

horizon, ranges 100 feet on an horizontal plane.

—

How high would it rise, if it were projected straight

upwards, with the velocity of projection ?

7. The barrel of a condenser, and each barrel of

an exhausting air-pump, is -rVth of the receiver, and

the receiver is equal in both. Let each be worked

3 turns. How much is the density increased in

the former, and how much is it diminished in the

latter?
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8. Prove, that parallax depresses an heavenly

body in a vertical circle, and that the parallax at any

altitude varies as the sine of the apparent zenith

distance.

9. Let a point be taken in the axis of a given

ellipse, half-way between its center and focus. Find

the shortest line from this point to the circum-

ference.

10. Prove, that if a body could fall from the sur-

face of the earth to its center, it would acquire a

velocity equal to that with which it would revolve

in a circle at the surface ; and find the actual velo-

city.

11. Find the fluents of

1+zc^' V ^ • ^^ a

and a"^ or i.

13. Prove that the mean addititious force in

quadrature is to the moon's whole gravitation to

the earth, as the square of the moon's periodic time

to the square of the earth's periodic time.

18. Compare the side of an equilateral triangle

inscribed in a circle with the radius of the circle.

14. Given the sine of l'; explain how the sines

of 2', 3', &c. may be found.

15. Solve the quadratic equation 5x = 3 — 2.r^.

16. Find the 4 roots of the recurring equation

JT— x^ -{- 2x-— .r -}- 1 = 0.
2 2
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17. Deduce the equation to a parabola, and prpve

it to be a conic section.

18. A body is projected up an inclined plane,

whose height is ^th of its length, with a velocity of

30 feet per second. Find its place, and its velocity-

after 12 seconds.

19. A cylinder, whose height is 3 times its diame-

ter, is filled with a fluid. Compare the pressure on

the sides with the pressure on the base.

20. An object placed 4 inches before a double

convex glass lens, has its image formed 9 inches from

the lens on the same side. Required the focal length

of the lens.

21. Find the attraction of a particle placed in the

vertex of a cone, the attraction of each particle being

inversely as (dist.)*

22. If the force varies inversely as (dist.)% how-

far must a body fall externally and internally, to

acquire the velocity in a circle ?

23. Sum series

+
z
~~

5 + &c. ad infin

.

2 2.3 2.3' 2.3^

1 1 1
to n terms.

2.4.6 4.6.8 6.8. 10

24. Trace Cotes's first spiral ; compare the velo-

city ofa body in it with the velocity in a circle, and

the time of its falling to the center with the periodic

time in a circle.
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Mr. D'Oyly.

FIFTH AND SIXTH CLASSES.

1

.

What fraction of half-a-crown is
-f

of ^V of a

guinea ? and what is its exact value ?

2. Extract the square root of 2 - 4 y/{— 2).

3. What number is that, the treble of which,

added to the double of its square root, is equal to 1

.

4. Given the sines and cosines of two arcs ; find

the sine and cosine of their sum and difference.

5. Prove Cardan's rule for solving a cubic equa-

tion ; and shew that it can only be applied where

two roots are impossible.

6. A body is projected up an inclined plane, whose

length is 10 times its height, with a velocity of 30

feet in l". In what time will its velocity be de-

stroyed ?

7. A plane surface moves in a fluid, in a direction

perpendicular to its plane, with a certain velocity.

Another plane, 4 times as large, moves in a fluid of

3 times the density, and with twice the velocity.

Compare the resistances.

8. Given the latitude of the place, and the sun's

declination ; find the time of its rising.

9. Find the fluxion of

(a' — w^)? , _ „ y , 2bx— r-^ , and fluents or —— and—tt-^—rrr.
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10. Deduce the general expression for the cen-

tripetal force ; and apply it to find the variation of

the force in the logarithmic spiral.

11. Sum 4. _ _ __ 4. Sec. to inf.
2 4 8 16

1 + 2 + 3 + 4 4- &c. to n terms.

12. Shew, that when the force oc dist. all times

of descent to the center are equal; and that the

velocity at any point is as the sine of the arch, whose
.versed sine is space described, the first distance

being radius.

Evening Problems.— Mr. D'Oyly.

riRST, SECOND, THIRD, AND FOURTH CLASSES.

1. Prove the rule for extracting the square root of

a binomial surd ; and apply it to extract the square

root of 1—4 ^(—3).

2. The sun's declination being 1 6^ north, required

the latitude of the place where it rises in the north-

east point, and also the time of its rising.

3. P and Q, each weighing 2 lbs. balance one

another over a pulley ; 1 oz. is added to P. How
far will it have descended in b", and what velocity

will it have acquired ?

4. Compare the density of light in the sun's image,

formed by a sphere of water, and by a plano-convex
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glass lens of twice the aperture and twice the ra-

dius, the transmitting powers being supposed the

same.

5. Find the fluents of—— ^r of
v/(l-a;0 K + i^^r'

and of z^y, where z is the circular arc, whose sine

is y to radius a.

6. A vessel, whose shape is the frustum of a cone

of given dimensions, is filled with a fluid, the smaller

end being downwards, and is turned round on its

axis with such a velocity, that all the fluid flies

out. Required the velocity with which it turns

round.

7- Approximate to a value of x in x'^ —x -50 = 0;

and shew on what the accuracy of an approximation

depends.

8. While a body is revolving in a circle (Foe—A

the absolute central force is suddenly doubled. Find

in what time it will fall to the centre ; and, when it

has fallen half way, compare its velocity with that in

a circle at the same distance.

9. The tangent of the angle, which the hour-lines

for 3 and 4 o'clock make with one another on an

horizontal dial, is to the tangent of the angle, which

the hour-lines for 2 and 3 o'clock make with one

another, in the given proportion of m to n. Find

the latitude for which the dial is constructed.

10. A sphere A, whose weight is w, is made to

U
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roll down an inclined plane BC, by means ofa string

wrapt round it, which is sustained by P, P=z
w
lb*

What must be tlie proportion of the height of the

s

plane to its length, that P may neither ascend nor

descend ?

J 1 . When parallel rays fall on a spherical refract-

ing surface of given radius, the ratio of the sines of

incidence and refraction being known, find the

longitudinal and latitudinal aberrations,

12. A curve is described, whose ordinate is the

arc of a given circle, and whose abscissa is the cor-

responding sine. Find its area.

13. A thin rod of given length, weighing 1 lb. is

suspended from its upper point, and has a weight ^ lb.

attached to it at jrd of its length from the point of

suspension. Compare the time of its oscillation with

this weight attached, with the time of its oscillation

without it.

14. If the compressive force of the atmosphere

varied as the logarithm of the density, and the density
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varied inversely as the distance, what would be the

law of gravity ?

15. If 2 be an arc of a circle to radius 1, shew

that 1 2= sin. z— | sin. 2z + -f sin. 3s - &c.

16. Integrate the fluxional equation

2>3^y—2>axy =ayx.

17. Prove that

^ ,
A2AX+A^

,
3^X^ + 6^^+ ^^

"' = 1 + - H zr-^ -TT-^ +&C.m 2 m* ' bm^
A and X being logarithms of a and x to modu-

lus m.

18. A and B are playing a set at tennis. A wants

two games, and J5 wants three ; but A\ skill is to

^'s in the proportion of 2 to 3. Find their respec-

tive chances of winning the set.

19. Find the integral of- .° z

20. Trace the curve, whose equation is {x^-\-y^y-

=.x^—y'^\ find the value of x, when the curve is

parallel to the axis ; and determine the angle at

which it cuts the axis_, when the value of x is

greatest.

21. A body moves in a logarithmic spiral in a

resisting medium (density oc -p— j with a force

1
varying as —r.—rr . It makes one revolution in t'\

^ ^ (dist.)^
'

and approaches to the centre by 100th part of its

first distance. Find the whole time of faHing to

the centre.



156 CAMBRIDGE PROBLEMS. [I8O8.

22. Sum series

1 .4.5 + 2.5 .6 + 3. 6'. 7 + &c. to n terms;

10 14 . 18 o ^ X+ —

;

-\- -. + occ. to n terms j
1.2.4 2.3.5 3.4.(>

1 1 1 o • r
:;—: - -—n + —- — &c. to mt.
1.4 3.6 5.8

23. The arch of a bridge being a cycloid, what

must be the nature of the curve bounding the wall

above, that all the parts of the arch may be in

equilibrio?
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1809.

First Morning.—Mr. D'Oyly.

Monday, January i6, I809.

FIRST AND SECOND CLASSES.

1. Prove that if A and B are two angles,

COS. A X COS. B T / ^ . r>\ . T / 4 n\
; = fcos. {A+B) +|- COS. (A-B).

2. Find the roots of the equation a^ — 6x- — 4x+
24=0, which are in arithmetical progression.

3. Given the horizontal parallax of an heavenly

body, its right ascension, and declination ; find its

parallax in right ascension at a given time in a given

latitude.

4. Compare the momentum of a circle revolving

on one of its diameters with that of its circumscrib-

ing square.

5. Find the point of contrary flexure in a curve,

whose equation is j;= (hyp. log. ?/)^.

6. A vessel in the shape of an hemisphere is filled

with a fluid. Compare the time of its emptying

itself through an orifice in its vertex, with the time

of emptying through an equal orifice in its base.
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7. Shew how the densities of planets may be

compared.

8. Find the equation of the curve in which the

sub-tangent=:Z>+ ?/; b being a constant quantity,

and 1/ the ordinate.

9. Find the integral of —

.

10. Find the center of gyration of a spherical

superficies revolving on one of its diameters.

11. Prove the sum of the series

1+- + -+ -+ &c. continued ad infin. to be
2 3 4

infinite.

12. Find fluents of

x'.{x + a)' {x-2){X'-3y V{cf-\-x')

'

13. There are four individuals, for each of whom

the chance of dvino; in a certain time is— . Com-

pare the chance, that two of them at least will be

dead in that time, with the chance that exactly two

will be dead.

Monday Afternoon.—Mr. Brown.

THIRD AND FOURTH CLASSES.

1. What is the interest of £260. for 18 months,

at 4 1 per cent. ?



1809.] CAMBRIDGE PROBLEMS. 159

2. What is the discount of the same sum, for the

same time, at the same rate?

3. The arms of a bent lever are in the proportion

of 2 : 1. What must be the angle at which they

are inclined, that, when in equilibrio, the shorter

arm may be parallel to the horizon ?

4. Given R and r the radii of the surfaces of a

convex lens, and m : n the ratio ofthe sines of inci-

dence and refraction ; find the focal length, and

shew it to be the same, which-ever way the rays

come,

5. A pendulum gains n seconds a day. How far

must it be elevated above the earth's surface to keep

true time ?

6. Solve the following equation : ^ — j?^ — 8j;+ 1

2

= 0, which has 2 equal roots.

7. Find the respective bearings of London and

Constantinople from each other.

8. Compare the velocity of a body at the vertex

of a parabola, with the velocity in a circle at the

distance of half the latus rectum.

9. Find how far a body must fall externally, to

acquire the velocity in an ellipse, when the force

tends to the focus.

10. Find the sum of the following series :

—— 4- + y- &c. ad inf. and n terms of
1.3 2.4 3.5

l'-f-2^ + 3^ &c. by the method of increments.
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11. Find the fluxion of at/'; and the fluents of

vO to JO dC

~, and or

12. Find the area of the common parabola inter-

cepted between the ordinates h and c.

13. Shew, generally, in the conic sections, that

14. A body is projected with a velocity less than

that acquired from an infinite distance, the force

varying inversely as the cube of the distance. In-

vestigate the orbit, and find in what time the body

will fall into the centre.

Mr. D'Oyly.

FIFTH AND SIXTH CLASSES.

1. If 2| yards of cloth cost 35. 8|c?. what will be

the price of 1^ yards ?

2. Extract the square root ofl+4v'(— 3); and

prove the rule by which it is done.

o T>- wi 1 p r,
x— 4 ^ 5:r4-14

3. r ind the value oi x m 3x 4 = —

.

4 3

4. Find two numbers such, that their product

may be 24, and the sum of their squares 52.

5. Given the sine of an arc =5 to radius 1 ; ex-

press its cosine, versed sine, secant, tangent, and

co-tangent.
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6. Shew that imj50ssible roots enter an equation

by pairs.

7. A body falls 20 feet down an inclined plane,

whose height is one-sixth of its length. What is

the time of its motion, and what its last acquired

velocity ?

8. A body is projected at an angle of 45*^ with a

velocity of 50 feet per second. Find its horizontal

range.

9. A body weighs 1 4 lbs. in vacuo, and 9 lbs. in

water. Another weighs 8lbs. in vacuo, and 7lbs. in

water. Compare their specific gravities.

10. A person who can see distinctly at the distance

of 3 feet, wishes to see an object at 1 2 feet distance.

What sort of glass must he use, and what must be

its focal length ?

1 1

.

Divide 30 into two such parts, that the square

of the one multiplied into the other, may be a

maximum,

12. Find fluents of

{a''-\-x^Y X XT, of—

^

^, , and of
a^ +X-' ^{2ax--x'^)

Find also the fluxion of

13. Sum 50 terms of the arithmetical series

1+3+5+ &c.

Also + + 1- &c. ad infin.
1.2 2.3 3.4

14. If a body revolves in a circle, how far must it

X
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fall externally and internally, to require the velocity

in the circle : the force varying inversely as (dist.)'?

15. Prove that in any curve, the centrifugal force

: centripetal force :: Si/' x Pv : 2Sp^.

\6. If the force varies as the distance, shew that

the velocity of a falling body is as the sine, and the

time as the arc ; the versed sine being the space

described.

17. Find the diameter of curvature in an ellipse,

and the chords ofcurvature passing through the focus

and throujih the center.

18. Define the following terms in Astronomy :

The right ascension and declination, latitude and

longitude of an heavenly body ; the true anomaly

and mean anomaly ofa planet; diurnal parallax and

annual parallax ; solstitial colure, and equinoxial

col u re.

Evening Problems.—Mr. Brown.

1. What is the present worth of an annuity of

£,20. a year, to continue for ever, and to commence

after 2 years ; the rate of interest being 5 per cent. ?

2. How far will the Tychonic system account

for the phenomena of the heavenly bodies ? What
phenomena will it not account for?

3. A pendulum in the latitude of 6o" oscillates

once in a second, supposing the earth not to revolve

round its axis. What must be the angular motion

of the earth, that it may oscillate once in 3 seconds t
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4. Compare the mean ablatitious force in a whole

revolution of the moon with the force of gravity on

the earth's surface.

5. Prove, in the latitude of Cambridge, that the

diurnal path of a shadow formed on the horizontal

plane by the vertex of a gnomon^ is convex towards

the north during the passage of the sun from the

vernal to the autumnal equinox, and convex towards

the south during his passage from the autumnal to

the vernal equinox.

6. Find the probability of throwing two aces in

three trials with a single die,

7. Shew in what position of the eye and object

the image formed by a double convex lens will be

magnified or diminished; and when it will be erect,

and when inverted.

8. Construct the fluent of ^ , a being
l+^az+ z"" . ^

less than 1

.

9. Find the time in which a body will describe

a given space, when acted upon by a force varying

inversely as the distance.

10. Find in Mercator's projection the length

of the meridian intercepted between 30° and 60*^ of

latitude.

1 1

.

Find the fluents of

^/-
,

and of Wlv^KziOii-,
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of A^JT where A'=: hyp. log. of .r. Also of

x'-2x'-x'-^2x ' ^°°*^ equation

X*—2.r'-.r+ 2.r = being - 1, o, 1, 2.

12. The radii of a wheel and axle are in the pro-

portion of a : h ; a weight P, acting by means of a

line on the circumference of the wheel, elevates

another weight Q, suspended from the line which

goes round the axle. Required the pressure on the

axis.

13. At a given place, and a given time, find the

angle between the ecliptic and horizon, the cul-

minating point, and the height of the nonagesimal

degree. When is the angle between the ecliptic

and horizon the least ?

14. Find the expression for (cos. a?)" in terms of

the cosines of multiples of x.

15. In a given parabola to inscribe another para-

bola, whose area shall be a maximum ; the vertex of

the inscribed parabola being in the middle of the

base of the other.

16. A given piece of gold is balanced by its

weight of brass in vacuo. What addition must be

made to the brass, that they may be in equilibrio

when immersed in water.?

17. Apply Taylor's Theorem to find the sine of

an arc in terms of the arc itself
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]8. Sum the following series :

i-+J L
3.3 5.3' 7.3'

^ 1 — TT-^ +-r-:r2 - ;r-Ts + ^^- ^^ ^"^•

— + &c. ad inf.
1.2.5 2.3.7 3.4.9

^ 1*4-2^+ 3'*+ &c. to n terms, by increments.

19. Given the lengths of two degrees indifferent

latitudes ; find the ratio of the polar and equatorial

diameters.

20. The sum of the m^^ powers of the roots of the

equation x" — I =0 is n, whenever m is equal to n

or to any multiple of n ; but in all other cases = O.

Required a proof.

21. An iron globe descends in water by the force

of gravity ; find the greatest velocity it can acquire,

and the time of describing a given space from rest.

^ 22. A stone is whirled round horizontally by a

string 2 yards long. What is the time of one revo-

lution, when the tension of the string is 4 times the

weight of the stone.

23. Transform the equation x"'—px"'~'^ +5'.a?"~^&c.

= 0, whose roots are a, (3, y, &c,, into one whose

roots are (a - fif, (a - 7)", H^— yY, &c. ; and shew

the use of such a transformation in finding impos-

sible roots.

Tuesday Morning Problems.— Mr. Brown.

1. Find the value ofthe decimal ,346565, &c. in

a vulgar fraction.
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2. Shew how the latitude and longitude of a star

may be found.

3. Two equal weights, P and Q, arc connected

by a string passing ovcra fixed pulley; what weight

added to P will cause it to acquire in 6 seconds

a velocity of 48 feet? and through what space will

it have fallen in that time?

4. \i A \- B-\- C=m'jr, (m = any whole number,

7r=l80"); then, tan. y^+ tan. 5 + tan. C=tan. Ax
tan. B X tan. C.

5. Find the whole fluent of ,, , -, when x
Via"- - J?')'

= 0j and m is an even number. Find the fluents of

z ^^-y$.
sin. %'

x/(^-'-3/')*

6. Find the ratio between the sines of incidence

and refraction out of a certain fluid into air ; so that

the eye, which can just see the extremity of the base

of a given cylindrical vessel when empty, may see

the center of the base when it is three parts full.

7. Determine the ratio of the diameter and alti-

tude of a cylindrical vessel open at the top, which

shall contain a given quantity under the least possible

internal superficies.

8. Find the expression for the proportion between

the centripetal and centrifugal forces in any curve

;

and apply it to the reciprocal spiral.
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9. Find the sum of the first n terms of

1 ^r-T + „ , .. , by increments j

1.2.4 2.3.5 3.4.6' ^

and of -p -f — + —
, &c. ad inf.

10. Find the increment of the moon's velocity by

the tangential force_, while she moves from quadra-

ture to syzygy.

11. Shew that, if the resistance in any medium

be proportional to the velocity, the oscillations in a

cycloid will be isochronous.

12. If a be root of the equation, x'' —p x"^ ~'^
\-

^^"~"4-&c ±w = 0', shew that the equation is

divisible by x— a, without considering it as composed

of the factors [x - a) . (x — b) . &c.

13. Suppose a cylindrical rod, whose length (Ij

and weight fwj are given, to be suspended at a dis-

tance (dj from one of its ends. If a weight (aj be

attached to the lower end, what weight must be

attached to the upper, that the time of oscillation

may be the same as before?

Mr. D'Oyly.

THIRD AND FOURTH CLASSES.

1. Find two values o( x in the equation x H X— I

= 3jr-4.
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2. Given the three sides of a j)lane triangle;

explain how the three angles may be found.

3. Divide the number 100 into two such parts,

that the square of the one multiplied into the square

root of the other, may be a maximum.

4. Find between which of the roots of the equa-

tion jr — 7^^ + 'Jj' + 10=0, the number 3 lies.

5. A stone projected at an angle of 30° strikes the

horizontal plane at the distance of 50 yards. With
what velocity was it projected ?

6. A pendulum vibrates 6l times in a minute.

How must its length be altered, so that it may vibrate

6o times in a minute ?

7. In the tube of a barometer 36 inches long, the

mercury stands at 29| inches, when the standard

altitude is 30 inches. How much air was left in at

the time of inversion .''

8. Find the principal focus of a given glass globe.

9. Find the area of the curve, in which the sub-

tangent = ; y being; the ordinate, and b a^
1 +?/" ' ^ B

constant quantity.

10. Find fluents of

^Z^> of /^^(a^-y), and of a-xi.

11. Explain the method of finding the hour of

the day by observing the sun's altitude; the latitude

of the place, and the sun's declination, being known.
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12. If a hole were bored from the surface of the

earth to its centre, what would be the velocity ac-

quired at the centre, by a body which fell from the

height of 1 radius above its surface; the force above

the surface being inversely as (dist.)*, and below the

surface being directly as dist. ?

13. Having given the major and minor axis of an

ellipse, and the force in the focus ; compare the

periodic time in the ellipse with the periodic time

in a circle, whose radius= greatest distance in the

ellipse.

Mr. Brown.

FIFTH AND SIXTH CLASSES.

^^1; Find the value of the decimal .124343 &,c. in

a vulgar fraction.

2. Iff of a yard of cloth cost ^£., what will 12v

yards cost ?

3. At what time are the hour and minute-hands

of a watch together between 2 and 3 o'clock.

4. Find the length of the cycloid.

- ^- rJ^^ + V^ = 72) ^ J J
o. Given <

"
/. > to find x and y.

6. Given the latitude of the place, and the sun's

meridian altitude; to find the sun's declination.

7. Shew that the velocity in a parabola is to the

velocity in a circle at the same distance as ^2 : 1.

Y
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S. Slim the series :

1 1 I loir----)-— 1- kc. ad inf.
3 () 12 24

1
1 1

-f- 4- 1- &c. ad inf.

1.2.3 2.3.4 3.4.5

9. Two columns of water and mercury communi-

cate at the bottom of a bended tube. If the altitude

of the mercury be 10 inches, what is the altitude of

the water, supposing the ratio of their specific gra-

vities to be 14 : 1 ?

10. What is the length of the longest day in

latitude 45°?

11. Given the tangents of two arcs, to find the

tangents of their sum and difference.

12. When the force varies inversely as the square

of the distance, compare the velocity acquired

through any space with the velocity in a circle at

the same distance.

14. Shew, that the velocity in any curve, is equal

to that which would be acquired with the same force

continued uniform, through I chord of curvature.

13. Find the field of view, and magnifying power,

of the astronomical telescope.

14. Find the fluxion of

—
, and the fluent of — 1

.

15. Inscribe the greatest parallelogram in a given

semi -circle
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Evening Problems.—Mr. D'Oyly.

1. Find the hyperbolic logarithm of 3, by apply-

ing CoTEs's series for the hyp. log. to3 terms.

2. Find an arc, which has the rectangle under its

chord and cosine a maximum.

3. Approximate to a value of x in 3i^-{-2x—

30 = 0.

4. An object placed 4 inches before a double

convex lens, has its image erect with respect to itself,

and of three times its linear magnitude.—Required

the focal length of the lens.

5. A body is projected at an angle of 60*^ to the

horizon, with a velocity of100 feet per second. What
will be its time of flight before it strikes a plane

inclined to the horizon at an angle of 30°? and what

will be its greatest elevation above that plane ?

6. Investigate Sir I.Newton's rule for detecting

impossible roots in an equation, and apply it to the

equation x^ + 3 .r* — 4 x"— 12 = 0.

7. If a quadrantal arc is divided into any 3 parts,

the sum ofthe products of the tangents of these parts

taken two together, is equal to the square of the

radius. Required proof.

8. The right ascensions and declinations of two

stars being known, the time is observed when they

come to the same azimuth. Shew how the latitude

of the place may from hence be found.
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9. Prove that the portion of tlie earth's surface

included between the two circles of latitude 30° on

each side of the equator, is half its whole surface ;

the earth being supposed to he a perfect sphere.

10. Find fluents of

of .

'

, and of -^
.1'" + (I-

'
>i ^ -/(x* -f a")

'
sin. z cos. z

11. A chain of uniform thickness, hanging freely,

forms itself into a cubical parabola. Required the

law of its density and weight.

12. Let a plane circle oscillate on an axis, which

passes perpendicular to its plane at the distance of

half the radius from its center. At what other dis-

tance may the axis pass, so that the oscillation may
be performed in the same time ?

13. If a body revolve in an ellipse round the

focus, required the point at which the angular

velocity of the perpendicular on the tangent is the

least possible.

14. If a body is revolving in a circle ^ Foe —-\^

and half the central force is suddenly taken away

;

after what revolution will it fly off to an infinite

distance ?

15. The node of the moon's orbit being distant

30*^ from syzygy, the part of the ablatitious force,

which acts perpendicular to the plane ofthe orbit, is

found to be Jth of its greatest value. What is the

moon's place }
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16. Let P and PV be two bodies connected by a

string passing over the pulley /! ; P hanging freely,

PO

and JV being sustained on an horizontal plane. What
velocity will be acquired by fJ^, while it is drawn

by P through the given space BC.

17. Integrate the fluxional equation

ax
X

18. A given parabola is placed with its plane

and axis perpendicular to the horizon, and its vertex

downwards. From what point of its highest ordinate

must an elastic body be let fall, so that after imping-

ing once on the curve, it may strike the vertex ?

19. Find the increment of ;s x log. z.

20. Let a system of bodies be moveable round a

vertical axis. At what distance from this axis must

a given force act, so that the angular velocity com-

municated to the svstem in a given time, mav be

the greatest possible }

21. A person is throwing with two dice. What
is the chance of his throwing size-ace, at least once

in four trials ?
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t^. Sum 11 terms of the series

1. 2. 5 + 2. 3. 6+3. 4.7+ &C.

2 3 4
Also >? terms of 1 \- ^ , .. + &c.

1.3.4 2.4.5 3.5.6

And - -^+ + &c. ad infin.
1.5 3.7 5.9 7.11

23. Given the place of a luminary, and a situation

on the earth's surface ; find how much the superior

tide exceeds the inferior in duration.

24. A beam of given length, having its perpen-

dicular section every where a given parabola, pro-

jects horizontally from a wall. Compare its strength

to support a weight at its end, when the vertex of

the parabola is downwards, with its strength, when

the vertex is upwards ; the weight of the beam itself

not being considered.
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1810.

First Morning —Mr. Walter.

Monday, January 15, 1810.

first and second classses.

1. Prove the rule for the multiplication of de-

cimals.

2. What number of degrees, minutes, See. in the

English scale corresponds to 32°. 15', 25". in the

French scale of 400*^ in one circumference, 100

minutes in a degree, and 100 seconds in one minute?

3. The quantities of air expelled, by successive

turns, from the receiver of an air-pump, decrease in

geometrical progression.

4. Given the distance of a planet from each of

two stars, whose right ascension and dechnation are

known. Find the right ascension and declination of

the planet.

5. If any odd multiple of a quadrant be divided

into any three parts, the sum of the co-tangents of

the three parts will equal their product.
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(3. If from a given point a straight lino be drawn

touching a circle given in position; the straight line

is given in position and magnitude.

7. Prove that the sub-contrary section of an

oblique cone is a circle.

-- 8. On the axis of a given cycloid, ordinates arc

drawn equal to the corresponding arcs of the cycloid

;

find the nature of the curve passing through the ex-

tremities of these ordinates^ and its area.

9. The aspect of a wall is due south, and the sun

is in the south-east with an altitude of 30'^. It is

required to find the breadth of the shadow cast by

the wall.

10. Find the sum of the series

a a + h a + 2b a-\-3h ^ ,.,.
-+ + —^-+ — + &c. ad mi.
c ce ce ce^

11. Given the capacity of the recess containing

compressed air, the space which that air would

occupy in its natural state, the diameter and weight

ofthe ball, and the length ofthe barrel of an air-gun :

find the velocity with which the ball leaves the gun,

and the time of describing the barrel.

12. If a body be projected from an apse with the

velocity acquired in falling from an infinite distance,

find after how many revolutions it will fall to the

center when the force varies in a higher ratio than

the inverse cube of the distance.

13. Shew that the series sin. ^-fsin. {A-\r B)-\-

sin.(^+2iS) + &c. is a recurring series; and find

the scale of relation.
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14. A body being projected along any curve, and

acted on by gravity, it is required to find an equa-

tion for determining the point where it will leave

the curve.

Mr. TURTON.

THIRD AND FOURTH CLASSES.

1. If Hth ell English cost ^ths of a guinea, what

will 2-^d ells Flemish cost; a Flemish ell being ^ths

of an English ell ?

2. If an angle of a triangle = 120^, shew that the

square of the side subtending that angle is equal to

the squares of the sides containing it, together with

the rectangle contained by those sides.

3. Of two rays passing through a spherical re-

fracting medium, shew that the deviation of the more

remote from the center is greater than that of the less

remote.

4. Find at what distance from a given sphere an

eye must be placed so as to see an n''' part of its

surface.

5. The plane of a cycloid, whose axis = a, is

inclined to the horizon at an angle of 60''. Find

the time of descent down a chord drawn from the

vertex to the extremity of the base.

6. Prove that in all the conic sections the chord

of curvature through the focus = L x '^yr,, and the

Z
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diameter of curvature = L x ^ttf;; Nvlicre L is the

principal latus rectum, SP tlic focal distance, and

.SJ^'tlie perpendicular on the tangent.

7. If the force vary directly as the distance from

the center, shew that the velocity of a falling body

is to that in a circle at the same distance as the riglit

sine to the cosine of a circular arc, whose radius is

the greatest distance and versed sine the space fallen

tl) rough.

8. Construct Galileo's Telescope; investigate its

magnifying power, and find the linear magnitude of

the greatest field of view.

9, Find the fluent of

^ ^n— 1 ^ //r'" ~ ' r-

and or
-/(a" - x")

'
a" -of"

10. Find the roots of the equation x'^-^-Sx^ - *Jx^

— 1*Jx— 18= 0, two of which are of the form -fa,

— a.

11. If a body fall through a finite altitude AS, the

force varying inversely as the square of the distance,

and on AS a semi -circle ADS be described
; prove

that the area described by the variable radius SD is

equal to the area uniformly described in the same

time in a circle whose radius is the half of SA.

12. Through what space must a body fall inter-

nally to acquire the velocity in a circle, the force

varying inversely as the distance.

13. Given the sun's meridian altitude, and his
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midnight depression below the horizon : find the

latitude of the place, and the sun's declination.

14. Given the major and minor axis of an ellipse,

and the force in the focus. Compare the time in

which a body would fall from the farther apside to

the focus with the periodic time in the ellipse.

15. Prove thatj in different circles, round different

centres, when the forces vary inversely as the squares

of the distances, the periodic times will vary in the

sesquiplicate ratio of the radii directly, and the sub-

duplicate ratio of the absolute forces inversely.

16. If the forces of attraction to each point of

a spherical superficies vary inversely as the square of

the distance, the attraction of the convex and con-

cave part, on a corpuscle placed without it, will be

equal.

Mr. Walter.

FIFTH AND SIXTH CLASSES.

1. Required the value of 27 10 lbs. at 6s. 8d,

per lb.

2. Required the interest of £547. 15*. at 3 per

cent, simple interest, for three years,

v^ 3. A certain number, consisting of two figures,

gives, when divided by the figure on the right, a

quotient equal to 27, and remainder 2; but, if divided

^y 9> it gives a quotient equal to three times the

figure on the right, and a remainder 2. Find the

number.
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__ 2.59 -lOj;
4. Find the value of d? in V:c- 4= ^ i >— *

5. Prove, that \^ AocB, and CocZ); tlicn y^C

6. Compare P and W, when they are in equi-

hbrioona plane whose inchnation is 30*^, the power

being supposed to aet parallel to the base of the

plane.

7. One body remains at rest in the circumference

of a circle, whilst another describes that circum-

ference. It is required to ascertain the curve de-

scribed by their common centre of gravity.

8. Bisect a given semi-cycloidal arc.

9. Prove, that the horizontal range of a body,

projected in the direction Al, is equal to

sm.2^IJCxP ^^^ ^.^ 2 L IAC = sin.

2.rad.
*

2LEAC.

10. Solve the equation t"^ - 5x' - 8^ + 48= 0;

two of whose roots are equal.

11. Sum the series

1 + - + - + &c. ad inf.

;

3 9

and 1 —2-1-4 — 8 H- &c. to w terms.

12. Comj)are the pressure on the base of a cube,

filled with water, with the pressure on the four

sides. «>

13. QC : qC :: sin. R : sin. /, when diverging

rays are incident on a plane refracting surface.
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14, Given the altitude of a known star, when it

is on the prime vertical ; find the latitude of the

place.

15. Find the fluxion of

also the fluent of

-

16. Prove^ that the velocity of the earth con-

tinually increases from the aphelion to the perihelion

distance.

17. Compare the velocity in an ellipse,, at the

greatest distance, with the velocity of a body re-

volving in a circle at the same distance.

Evening Problems.—Mr. Turton.

1. Explain the nature of the stereographic pro-

jection of the sphere: and shew that angles on the

plane of projection are equal to the original angles

on the surface of the sphere.

2. Prove, by means of Newton's fourth Lemma,
that the area of the common parabola is equal to

two-thirds of its circumscribing rectangle.

3. Having given a rectangular piece of metal of

uniform thickness, it is required, from one of its

angles, to draw a line cutting oifa triangle, in such

a manner^ that, the remaining trapezium being sus-

pended by the obtuse angle, the parallel sides of the

trapezium may remain horizontal,

4. It is observed; that two stars, whose right
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ascensions and declinations are known, pass the

prime vertical at the same instant. Required the

latitude of the place of observation.

5. Given the latitude of the place, and the sun's

declination: findat what time of the day the azimuth

of the sun increases the slowest.

6. Investigate, as Cotes has done, the variation of

the density of the atmosphere, supposing the force

of gravity to vary inversely as the square of the dis-

tance from the earth's centre.

7.0nerootoftheequationx3— 4a;^ — 3j? + 12=0,

is of the form ^a, where a is not a square number.

Solve the equation.

8. A given paraboloid is perforated by a cylinder

whose axis coincides with that of the solid. Re-

quired the dimensions of the cylinder, so that the

part taken away may be equal to that which

remains.

9. In a combination of wheels and axles, in which

the circumference of eacii axle is applied to the

circumference of the next wheel, and in which the

ratios of the radii of the wheels and axles are those

of 2 : 1,4 : 1, 8 : 1, &c. there is an equilibrium

when the power : the weight :: 1 : p. Required the

number of wheels.

10. If the roots of the equation x" - px''-^+gx^~^

— &c.= 0, be in arithmetic progression, the least

.,,, w n-l ^ /{(n-l).3p--6nq} ,

root *^, ill be '- x V — -r^ ~y ^n"
n n ^ 71—1
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. ,rr 2 ^ /{(n-l).3p^-6nQ\
the common difierence - x \/ -^-^^ -^—^ ^.

n ^ n —

1

Required the investigation.

11. Given the major and minor axes of an ellipse.

Required the radius of a circle described round the

focus as a centre, in which the periodic time is equal

to the time of moving through the aphelion, from

mean distance to mean distance.

12. Construct Newton's telescope, and investi-

gate its magnifying power.

13. Compare the quantity of water discharged by

two equal parabolas in the side of a reservoir kept

constantly full ; one of the parabolas having its base

and the other its vertex downwards, and the summits

of both coinciding with the surface of the fluid.

14. Suppose that a body falls from a given altitude

to a centre, of which the attractive force varies as the

distance, and that the system moves in a direction

perpendicular to the line of descent, with a velocity-

equal to the greatest velocity which the body could

acquire in its fall ; construct the curve traced out by

the body, and then find its area.

15. \i z bean integral increasing or decreasing un-

„ ,
1 1 2r 2.-f2r? + 22r-i-2r _

equally; then- = ~ — '^ — &c.
% z %z zz zz
m 1 12 2 3

continued io m-\-\ terms. Prove this.

16. Find the fluents of the following quantities,

dx x^x
VIZ.

J?V («* + x' )
' {x-a) {x—b){x-c)'
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(a'-^xy X .T, when the fluent of {(r + n;'^)'"
^

' x x

=^A \ z"//, where "i is a circular arc, and ?/ its sine

to radius 1.

J 7. Sum the following series :

+ — -j- 4- &c. ad infin.
1 .4.7 4.7.10 7.10.13

2" + 5" -f 8- + &c. to ?i terms.

2 3,4 „+ -r—z—;rr + o^c. to n terms.
1.3.3 3.5.3' 5.7. 3'^

18. Materials are to be raised, through a given

altitude, by a wheel and axle whose radii are known

;

the power, which is given, being applied to the

circumference of the wheel. Find the quantity raised

at each ascent when the greatest quantity in the whole

is raised in a given time; the inertia of the machine

being neglected.

19. Find the area on the plane of the horizon that

that is bounded by the shadow of a tower of given

altitude, between the hours of 8 and 2, in a given

latitude: the sun being in the equinoctial.

20. Find the relation of :r to ?/ in the equation

X (a-]-bx-\-cy)=:i/{d+ ex+J'i/).

21. Let a sphere of given diameter be projected

in a fluid whose specific gravity is to that ofthe body

as 1 to ?i; having given the velocity of projection,

it is required to find the velocity after describing any

space and also the time of describing it.

22. Prove that the projection of the rhumb-line,
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on the plane of the equinoctial, to an eye situated in

the pole, is a logarithmic spiral ; and hence deter-

mine the length of any arc of the meridian, on the

planisphere.

23. Determine, as Newton has done, the path of

a projectile in a medium in which the resistance

varies as the velocity ; the force of gravity being

uniform and acting in parallel lines.

24. Determine the dimensions of a conic frustum,

of given altitude, on which, when moving in a re-

sisting medium, in the direction of its axis, with its

less end foremost, the resistance will be equal to that

on the base of a given cylinder, moving with the

same velocity ; and at the same time, less than the

resistance on any other frustum of the same base

and altitude.

Morning Problems.—Mr. Turton.

1. Define similar curves when referred to their

axes; and prove that similar and conterminous arcs

have a common tangent at the common point of

termination.

v^ 2. If {a) and (h) be two sides of a trapezium

that are parallel to each other; prove that the centre

of gravity of the figure will divide a perpendicular

to those sides into two parts that are to each other

as 2« + 6 to 2^ + a.

3. If a body fall from a finite altitude towards a

centre of force, and the time of falling vary as the

A A
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m"" power of the space fallen through ; required the

law of the variation of the force.

1 .

4. Resolve into trinomial fractions without
1 - z"

the aid of fluxions ; n being an even number.

5. If the refracting curve be the logarithmic

spiral, and rays issue from the centre, investigate

the nature of the caustic.

6. Find the force of elasticity, so that, in the case

of direct impact, the sum of the products of each

body into the cube of its velocity may be the same

before and after impact.

7. If a weight P be suspended by an inflexible

line, whose length is [a], to what point must a given

weight p be attached, so that the pendulum may
oscillate in the least time possible ?

8. There is a small aperture, whose area is (m) at

a given distance (a) from the bottom of a verticat

cylinder filled with water. When full, the fluid falls

on the horizontal plane, at the distance (&) from the

base; and after {t) seconds at the distance (c) from

the base. Required the content of the vessel.

9. Let 3/=^ -\-Bx"' + Cx" + DxP + &c. where

A, B, C, &c. are constant quantities : then if x be

given, ?/= T X X -\ '^—- X x^ '^ x a?^-f &c.

Required the investigation. "/^

10. Find the fluent of

and also or

-v-iT^*

a + 6%" v/(«+6is")
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11. Find the amount of £l. for the time (^), at

compound interest at a given rate ; interest being

due every moment.

12. In a given latitude, at a given hour^ and on

a given day, the altitude and azimuth of a star are

observed. Required its right ascension and de-

clination.

13. Suppose the earth a perfect sphere, and that

a pendulum whose length is (a) inches, vibrates

seconds in latitude 6o«. What will be the length

of a pendulum that vibrates seconds at the equator?

14. Deduce Cotes's construction of his first spiral,

by means of Newton's general proposition in the

8th section.

Tuesday Afternoon.—Mr. Walter.

THIRD AND FOURTH CLASSES.

1

.

How much ready money can I receive for a

note of o£7^- ^"^ 15 months hence, at 5 per cent,

discount ?

2. Find the values ofx and?/-, when xy = Qli, and

(x-^yY : (x-yY :: 64 : 1. Also the value of a; in

this equation x^ .(x -{- 4) + 2x .{x + 4) = 2 — (x-{- 4).

3. Divide a given angle iuto two angles, such that

their sines may be in a given ratio.

4. Express the side of a regular decagon, inscribed

in a circle, in terms of the radius.
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b. Two bodies, A and B, are })rojected perpen-

dicularly uj)\vard with velocities (a) and (b). It is

required to assign the highest point to which their

connnon centre of gravity will ascend.

6. Find the roots of the equation .x^ - 13.r*+50.r—

d() = 0, two of whose roots are in the ratio of 2 : 1.

7. The diameter of a cylinder is 10 inches, and

the diameter of an orifice in its base .025 ; also the

height of the water in the cylinder is SttV feet. Re-

quired the time of emptying.

8. Given the apparent perpendicular depth of an

object under the water, to find the direction in which

a ball must be fired from a given point, so as to strike

the object.

i). Sum the series

3 + - + — -!- &c. ad infinitum.

Also, 1.3.5+3.5.7 + 5.7.9 + &c. to n terms.

10. Determine the equation of a curve by whose

revolution a solid is generated equal, at all altitudes,

to iths of its circumscribing cylinder.

11. Find the centre of gravity of a bar whose

density ocjs"; a: being the distance from the vertex.

12. A known star rises in the north-east point;

find from this circumstance the latitude of the

place.

13. Prove that F'^ in any curve : f - in a circle at

ij IP

the same distance ::— : -, where ?/ is the variable

distance, and p the perpendicular on the tangent.
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14. How does the centrifugal force vary in

different curves ? and how does it vary in different

parts of the same curve ?

Mr. TuKTON.

FIFTH AND SIXTH CLASSES.

1. If 4- yards cost £2^, find the value of 5^ yards

both by vulgar fractions and by decimals.

2. Prove that if a straight line stand at right

angles to each of two straight lines in the point of

their intersection, it will be at right angles to the

plane that passes through them.

3. Define a rhombus ; and prove that the diago-

nals of a rhombus bisect each other at right angles.

4. If (a) be the first term, and (h) the sum ofthree

terms of a geometric progression, find the common
ratio.

5. If the fluxion o[^ l"^ —^=0, find the value
^{(i—x)

of X.

6. Given three bodies ^,B, C, and their distances

from a plane ; find the distance of their common
centre of gravity from that plane, supposing A and

B to be on one side of the plane, and C on the

other side.

7. Given the velocity and direction of projection,

find the greatest height of the projectile above the
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inclined plane ; and from the expression deduce the

greatest height above the horizontal plane.

8. Shew that if a plane mirror recede from a fixed

object, the image will recede twice as fast.

9. Explain the principle on which the Hydrometer

is constructed, and demonstrate the proposition on

which the construction depends.

10. Construct the common Astronomical Tele-

scope, and investigate its magnifying power.

1 1

.

Given the latitude of the place, and the sun's

declination ; to find his azimuth at six o'clock.

12. Shew that the velocity in any conic section is

to the velocity in a circle at the same distance in the

subduplicate ratio of |Lx SP to SV'^.

13. Find the fluents of the following quantities:

viz. -; — -; and (a*-|-^'')'"x a;*i.

(a + bzf ^''~^

14. Sum the series

+ — j- + &c. to n terms,
1 .2.3 2. .S. 4 3.4.5

and ad Infiriitum.

15. Investigate the assumptions by which an

equation (.r"—j9a?"~* + <yj7'*~* — &c. = o) may be

transformed into others wanting the second or third

terms.

16. Given the earth's radius and the space fallen

through in one second at its surface, find the periodic

time in a circle at a given distance above the-earth's
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surface ;
gravity varying inversely as the square of

the distance.

17. If a body whose elasticity is to perfect elasti-

city as m to 1 be let fall from a given altitude (a)

above a perfectly hard horizontal plane, and re-

bound continually till its whole velocity is destroyed

;

find the whole space described.

18. A given paraboloid floats in a fluid with its

vertex downwards ; compare the specific gravities of

the body and the fluid, supposing half the axis to

be immersed.

Evening Problems.— Mr. Walter.

1. A cylindrical bar is suspended by a given point

in a semi-circle, whose diameter is the bar. Find

the inclination of the bar to the horizon, upon sup-

position that the semi -circle is devoid of weight.

2. Prove, from a property of the circle, that if

four quantities are proportionals, the sum of the

greatest and least is greater than the sum of the other

two.

3. Given the area of any plane surface, it is

required to find the content of a solid, formed by

drawing lines from a given point without the plane,

to every part of its surface.

4. The inclination of a perfectly smooth bank to

the horizon is 30°, and a body is projected up the

bank in a direction making an angle of 45°, with the

intersection of the bank and horizontal plane. It is
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required to determine the curve described by tlie

body, and the spot where it will again meet the

horizon.

5. If two curves have a common axis, and ordi-

nates which are always in a given ratio to each other,

then tangents drawn from the extremities of any

corresponding ordinates will meet the axis in the

same point.

6. The direction of a bridge is from east to west,

and the sun in the meridian. The arches being sup-

posed semi-circular, it is required to find the curve

terminating that part of the surface of the water

which is illuminated by the sun's rays passing

through any arch.

7. It is required to express the cosine of an angle

of a spherical triangle in terms of the sines and co-

sines of the sides.

8. If a body revolves in any curve whose equation

is ap-=y", y being the distance from the centre of

force, and p the perpendicular on the tangent; it is

required to find the equation of the curve ofa star's

apparent aberration, as seen from this body.

9. The roots of the equation x"—px^ -{-qx— r = 0^

are a, b, c ; transform it into one whose roots shall

be {a-\-b), (ft-fc), (« + c).

10. Required the position of the eye in a given

line perpendicular to the horizon, so that the image

of a given circle on the ground may also be a circle,

when projected on a plane perpendicular to the

horizon by lines drawn to the eye.
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11. Find by the help of the common tables the

logarithm of a number consisting of seven figures.

12. The roots of the equation jc^ —px^+ qx^r = 0,

are in harmonical progression. Find them.

13. Given the sun's declination, and the latitude

of the place ; find the path described by the shadow

of a staflfon an horizontal plane.

14. Sum theseries 1 .2.4 4-3.4.64-5.6.8 + &C.

to n terms.

Also + - — 7. &c. to infinity.
3 4 5 6 ^

And 4- 1 h &c. to n terms, and
1.3 2.43. 5

to infinity.

\b. A has (p) counters, and B has (q) ; also the

chance of A*s winning a single counter from B is

to the chance of 5's getting one from A :: a : b.

What is the probability that A will win all B's

counters ?

16. Explain the method of finding the velocity

with which a bullet struck a pendulous body.

17. If a ponderous cylinder is put in motion about

its axis by a weight p, descending through a space s;

and, p being taken off, the moment thus generated

be employed to elevate another weight q : the space

through which the cylinder's motion elevates q can

never be so great as ,v x -, even if the effects of fric-

tion are neglected.

Bb
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18. Find the fluent of z^'Vi-, when v is the hyp.

1 UC^X
loo;, of -J. Also the fluent of — .

19. Find the relation of x and y, when !-

X

I'll 07*" i-
, , , hif cy

-=- = ;, , and also when ay-\—r- + ~^ =0.
y ay ^ x x

20. Having given the velocity of projection,

ujreater than that acquired by falling from an infinite

distance, when the force oc —- and also the distance
D^

from the centre of force ; find the proper direction

of projection so that any one of Cotes's three last

spirals may be described.

21. Having given the fluents of yx,yxx,yx'i\

3/,r"~'i; find the fluents oi'A=yx, B = Ai,

C=Bx R=Qi, the number of the last

equations being ».

22. S is the pole of the logarithmic spiral, and P
any point in the curve; if with centre P, and radius

PS, a circle be described, and QD taken equal to

n times QR, then DT may be expressed by a series
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of cosines of RQ and its multiples, the variable

coefficients of the series being those of (a+x)".

23. Suppose both sun and moon in the equator,

and prove that the momentary change in the height

of the whole tide is proportional to the sine of twice

the moon's distance from the place of high water.

24. Let i/ — ax''+ baf'-'^-\-caf'-^+ &c. be the

equation to the parabolic curve whose axis is AE.

Prove that the continued product of the greatest

ordinates will be equ

xBD'xCD'xSic,

ordinates will be equal to—;;- multiplied into J3C*





If:

1811.

Morning Problems.—Mr. Turton.

Monday, January 14, 1811.

1. 1 HE interior angles of a rectilinear figure are

in arithmetic progression j the least angle is 1 20'',

and the common difference 5°. Required the

number of sides.

2. Given -he radii of two spheres, and the line

joining their centers ; find, in that line, the position

of an eye, to which the apparent surfaces will to-

gether be the greatest possible.

3. The weight of a globe in air=:^ and in water

=:w; find its diameter and specific gravity, having

given the specific gravity of water (S) and of air

4. Having given the latitude of the place, the day

and hour, also the latitude and longitude of a star

;

find its altitude and azimuth, the point where its

vertical circle cuts the ecliptic, and the angle which

they make.

5. Find the ratio of the velocity at the extremity

of the latus rectum of an ellipse (the force being in

the focus) to the velocity in a circle whose radius is
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the distance ot the nearer apside IVom the focus; and

shew that, as the excentricity is increased, this ratio

a})proaches to a ratio of equahty.

6. Shew that tiie spaces described by a body, im-

pelled from rest by a finite variable force, are, "ipso

niotus initio," in the duplicate ratio of the times.

7. If, to the radius unity, A = the sum of the tan-

gents of any number of arcs; B= the sum of the

products of every two of them ; C= the sum of the

products of every three ; and so on : shew that the

tangent of the sum of those arcs will be

i-5-}-Z)-^&c7

8. Shew that the fluent of

and find the fluent of

and of

9. Find the value of a.(a + r).(a+ 2r) &c. con-=

tinned to any number of factors.

10. Find the nature and length of the caustic,

when the reflecting curve is a circular arc, and the

focus of incident rays is in the circumference of the

circle.

11. At a given place, at a given hour, and on a

given day, required the point of the compass on

which a rainbow would appear.
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12. Given the latitude of the place, and the day of

the year; find the hour at which two stars, whose

right ascensions and dechnations are known, will-be

on the same azimuth.

13. Given the perihelion distance of a comet de-

scribing a parabola, and the radius ofthe earth's orbit,

here supposed to be circular; compare the time ofthe

comet's moving through 90 degrees of true anomaly

with the length of the solar year.

14. Define the center of spontaneous rotation of a

system ; explain the principle on which that center

may be found ; and shew that if the system revolve

round an axis, passing through that center perpendi-

cular to the plane of revolution, the former point of

impact will become the center of percussion.

Monday Afternoon.—Mr. Turton.

FIFTH AND SIXTH CLASSES.

1. The interest of <£25. for 3| years, at simple

interest, was found to be £3. 18*. 9^.; required the

rate per cent, per annum.

2. If the first of six magnitudes be to the second

as the third" to the fourth, and the fifth to the second

as the sixth to the fourth ;
prove that the first and

fifth together will be to the second, as the third and

sixth together to the fourth.

3. Given ^^^^-^7 ^ . a minimum; find the
V{a-Vx) '

value of X.
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4. Find the fluent of

dz ^ dz .
f,

XX
or — r—T , and or

n/ (a + bz) ' ^{a + bz')
'

\/{ax - x!")'

5. Find an expression for the sum of n terms of12 4
the series + — &c., that may be appHed

5 15 45 *

according as n is an even or an odd number.

6. Shew, that if any momenta be communicated

to the parts of a system, its center of gravity will

move in the same manner that a body, equal to the

sum of the bodies in the system, would move, were

it placed in that center, and the same momenta, in

the same directions^ communicated to it.

7. Compare the time of oscillation in a given cy-

cloid with the time of falling down a vertical line

equal to the whole length of the cycloid.

8. Required the equation of which the roots are

±^(-2), 3, 4,

9. If a body fall through a finite altitude AS, the

force Varying inversely as the square ofthe distance,

and on AS, a semi-circle ADS be described; prove

that the area described by the indefinite radius SD
is equal to the area uniformly described in the same

time, in a circle whose radius is the half of SA. '

10. Given the latitude of the place, and the sun's

declination ; find the length of the day.

11. Compare the time of descent through any

space AS, the force at S varying inversely as the

square of the distance, with the periodic time in a

circle whose radius is SA.



1811.] CAMBRIDGE PROBLEMS. 20\

12. Explain by what means the accelerating forces

of bodies are compared ; also, by what means their

moving forces ; and shew that the accelerating force

varies as the moving force directly, and the quantity

of matter moved inversely.

13. Prove, that if the object placed before a sphe-

rical reflector be a straight line, the image is a conic

section.

14. Two weights, of which one (P) is known,

are connected by a string passing over a fixed pulley;

P, in descending from rest through the space s, ac-

quires the velocity a. Find the other weight.

1 5. Find the variation of the force by which a body

describes a parabola, round a center of force in the

focus.

16. Find the actual periodic time in a given ellipse,

described round a center of force in the focus ; sup-

posing that the force at a given distance (d) is to

the force of gravity as F to 1

.

Mr. Jephson.

THIRD AND FOURTH CLASSES. ^

1. What is the interest of o£ll5. for 5 1^
years,

at 4j per cent. ?

2. Given .r 4- V- v^(^+-y) ^-g-_)
\/[x — i/) x-i/\i find ^ and

X^-^7f = 4x3

ij ; and find x in the equation </'
-f-
— = b.
a'
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3. Investigate the rule ior extracting the square

root of a binomial surd, and apply it to determine the

square root of

—

'2n\/{ — jn').

4. Investigate tiie fluxional expression for tlicarea

of curves, and apply it to find the area that lies

between the asymptotes of a common hyperbola.

5. If (a) be an arithmetic, (b) a geometric, (c)

a harmonic mean; shew that (a) is greater than (Z*),

and (b) greater than (c).

6. If any quantities, whose differences are incon-

siderable in respect to the quantities themselves, be

in arithmetical progression, the same quantities are

also in geometrical progression.

7. Inscribe, in a triangle, a parallelogram similar

to a given parallelogram.

8. Two balls A and B are placed on a billiard-

table ; in what direction must A, which is perfectly

elastic, be struck, that it may hit B after impinging

upon two adjacent sides of the table ?

9. The specific gravity of a cylinder of known

length is greater than that of the fluid in which it is

placed; determine the depth of its lower surface.

10. The sine of incidence is to the sine of refrac-

tion, out of a denser medium into a rarer, as (w) to

(m) ;
give a geometrical construction for determin-

ing the greatest possible angle of incidence.

11. Find the fluents of

r-^^ r , and ,r,v/ ( bx— ct')
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12. Sum the following series :

1 1 1 o • • r
-\ r:

(- ^~- h &c. in int.
2.4.6 4.6.8 6.8. 10

4- occ. in int.
1.3 2.4 3.5

13. Ttie angles at the base of an isosceles spheri-

cal triangle are equal.

14. Construct a horizontal dial-

Id. Ifthe moveable orbit (Newt. Sect. IX.) be a

logarithmic spiral, what is the nature of the curve

traced out in fixed space ?

16. Prove that one of the roots of the equation

x^ — qx—r=0, when squared, will lie between (q)

and (I).

Evening Problems.—Mr. Jephson.

1. Shew that rt'*- ft" is, and that a'+Jf is not,

divisible by a — ft. Is a" — ft" divisible by a-\-b {n an

integer) ?

2. The chord is ultimately parallel to the tangent

of the middle point of the arc. Required a proof.

3. Prove that the total number ofcombinations of

(n) things is 2" -- 1 •, and apply the expression to find

the number of different sums that may be formed

with a guinea, a half-guinea, a crown, a half-crown,

a shilling, and a sixpence,

4. Define similar curves when referred to a point,

and shew in what case epicycloids are similar.
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5. A lever, at whose extremities P and d hung

by threads, balance each other, is made to revolve

about its fulcrum ; shew that, if the threads be

equal. P and Q describe concentric circles; if

unequal, similar segments ot circles.

6.Two equal weights balance each other by means

of three tacks forming an isosceles triangle, the base

of which is horizontal ; shew that the whole pressure

on the tacks, estimated in the direction in which the

weights act, is equal to the sum of the weights.

7. Shew that the pressure of a cylinder, infinite

in height upon the earth at rest, equals the weight of

another cylinder of the same base, whose length is

equal to the radius of the earth.

8. Compare geometrically the resistance upon a

paraboloid moving in the direction of its axis, with

the resistance upon its circumscribing cylinder.

9. If two canals be cut through the earth at rest,

then the times of two bodies being attracted through

these canals will be equal.

10. xv=y''
;
give a geometrical construction for

determining two corresponding values of x and y.

11. (1.) Take the fluxion of the two quantities

zy'', xy\

X
(2.) Find the fluents of — ^,

{a"-^x")
"

X . (, . f*X

7^ ^ ' '^ V~^ •
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(3.) Shew that e ^i"-'^ = tan. (^), (^)

being the base of the hyp. logarithms.

12. Sum the following series

1 .
1

.

7n.(m-\-r) (7w + r) .(m+ 2r) (m + 2r) .(?«4-3r)

+ &c. in inf.

9' + '
+ o + &C. to w terms.

1.2.3 2.3.4 3.4.5

1 + 2 .3 + 3 .3- + 4 .3^ + &c. to (n) terms.

13 Divide a given arc (A) less than a quadrant,

into two such parts P and Q, that (tan. P)'" x

(tan. Q)" may be a maximum.

14. PT is a tangent to the curve AP^ AD is

perpendicular to the axis; find the nature of the

curve when AToc^ [ADy.

15. A known weight (P) at the extremity of a rod

which passes through two small rings fixed in the

same vertical line, by its pressure puts a solid inclined

plane in motion along an horizontal table; given

the weight of the plane, find its elevation sothatthe
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velocity communicated to it in a given time may l)c

a maximum.

16. {Cos. Jdz\/(- l).sin.^|"' = COS. m A ±

^/( - l).pin. 7nj4. Required proof.

1 ?. A paraboloid of given dimensions is filled with

iluid, and placed with its axis parallel to the horizon;

how long will the fluid be in runningout of it, through

a given orifice in the lowest point of the parabo-

loid .?

18. Let a cylinder begin to move from a horizon-

tal position round one of its ends, which remains

fixed upon a fulcrum ; compare the pressure on

that end at the beginning of the motion, with the

whole weight of the cylinder.

19. Two bodies are projected at the same time

with velocities v and v' from the two extremities of

a vertical line ; prove, geometrically, that if they

meet in the middle point of the line, v^v' equals

the velocity acquired in the time of meeting.

20. Given the latitude of the place, and the sun's

declination ; find the time of the day when the

hour-angle from noon, and the sun's azimuth from

the south, are equal.

21. Construct the spiral, whose arc is the measure

of the ratio between the ordinates which intercept

it.

22. If the cycloid described by a body in a resisting

medium be formed into a straight line, and ordinates

be drawn, which are to the resistances as the length

of the pendulum to the weight of the body ; then



1811.] CAMBRIDGE PROBLEMS. 207

the area of the curve so traced out is equal to half

the length of the cycloid multiplied into the diffe-

rence between the descent and ascent. Newt.

Vol. II. Prop. XXX. Sect. 6.

23.When a ray of light is incident obliquely upon

a spherical reflector, the longitudinal aberration

ultimately varies as the versed sine of the arc of the

reflector. Required a demonstration.

24. z^ = ^ax-{-x^ is the equation to the catenary

AP; JC-CB = {a); prove that a weight at B will

balance a weight equal to itself made to hang verti-

B C
TV

^ ZJ

6pT

cally from any point in the axis as D, and pressing

upon the catenary; C being the fulcrum of the

lever.

25. A cone of given weight and dimensions is

placed with its axij horizontal; a known weight (P)

is attached to a string, which is wound round its

base; find the velocity acquired by Pat the end

of r.
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Tuesday Morning.—Mr. Jepiison.

FIRST AND SECOND CLASSES.

1. Divide (n) into tlirce parts x, y, z, such that

x"\y" .z' may be a maximum.

2. From a sohd cyhnder of given dimensions, cut

out a rectangular beam which shall be the strongest

possible.

3. Deduce a fluxional expression for the time of

emptying vessels through small orifices, and apply

it to compare the times of emptying two equal para-

boloids ; the orifice of the one being in the vertex,

and of the other in the base.

4. The focal lengths of a convex and concave lens

of difTerent substances, which when united produce

images free from colour, are proportional to the dis-

persing powers of the two mediums. Required a

demonstration.

5. Let the weight of a wheel and axle be (7/;),and

let the axis be horizontal; having given a weight («/)

applied to the circumference of the axle, and (p)

aj)plied to the circumference of the wheel, it is re-

quired to find the velocity of the descending weight

(p) at the end of t".

(3. Given the sum of the series

1 1 1

find the sum of the series

1 1 1 o r
~z—, 4- ——, 4- —— A- &c. m mt.
1-.2- 2\3^ 3. 4^
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7. Let the roots of the equation x" — px^'~^ 4-

9^"-='- &c - Qx-\-R=o be (a), (b), (c), (d),

&c. It is required to find the value of

a b a c o b c
, „ .0

o a c a CO
8. Integrate the fluxional equation

-tzll ^ K.e.

9. The error in the altitude of a heavenly body is

to the corresponding error in right ascension as the

sine of the azimuth to the secant of latitude. Re-

quired proof.

^ 10. ACM IS a semi-circle; BC, FL are ordinates;

the area ABP is always taken equal to the segment

ACG ; find the equation to the curve traced out by

P% determine the point F, in which the curve cuts

the semi-circle, and prove that that part of the

area which is without the semi-circle is equal to

the rectilineal triangle AFL.

^ \\. A and B begin to fall at the same time from

Dd
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different points in the same vertical line, and with

tlic velocities acquired move along a horizontal

plane, till one overtakes the other; shew that the

time of .^'s descent is equal to the time of B's uni-

form motion.

12. A bag contains (w) balls, A, B, C, D, &c.

;

fpj of them are to be taken out; what is the chance

of drawing fpJ specified balls ?

13. The equation to a catenary is z^ = 2ax + x'' ; a

parabola, whose latus rectum = (8a) is described with

the same vertex and axis ; shew that any ordinate of

the catenary, together with its corresponding arc, is

equal to the corresponding arc of the parabola.

14. A chain whose length is fl) is placed along

an inclined plane whose height is fnj and length

fmj, so that one end may coincide with the lowest

point of the plane ; shew that the whole time of the

chain's sliding off the plane is equal to

Tuesday Afternoon.—Mr. Turton.

THIRD AND FOURTH CL.\SSES.

1. Explain what is meant by the present worth of

money due after a certain time; explain also the

principle on which is founded the rule for calculat-

ing present worth ; and find the present worth of

o£430. due nine months hence, discount being

allowed at 4§ per cent, per annum.



1811. J CAMBRIDGE PROBLEMS. 211

2. Solve the equation Sx" v/M+^'i/T^ = ^•

3. Fi«d the fluent of

and that ot
^{2aX'-'X^)' X

4. Find the dimensions of the greatest cylinder

that can be cut out of a solid formed by the revolu-

tion of a curve round its axis, of which the equation

is a"\r" = ?/'"+'% and the v^^hole axis = b.

5. Given the altitude of an orifice in the side of a

vessel filled with fluid, and the distance on the hori-

zontal plane at which the fluid falls; determine, by

construction, the altitude of the vessel.

6. If a = the altitude of a conic frustum, and b, c

be the radii of its bases, also />=3.14159 &c. ; then

will the solidity = — x (i^-+ bc + c^). Required a

proof.

7. The force varying inversely as (dist.)" + 'j find

the area ABFD (Newton, Prop, xxxix.) when

the ordinate =Mat the distance d from the centerj

also the Jluxion of the area ATVME^ the ordinate

of this curve at the distance r from the center being

=7v:

8. Having given the latitude of the place, the sun's

declination and altitude ; find his azimuth, the time

of observation^ and the angle of position.

9. Having measured the shadow of a tower on the

horizontal plane, on a given day, at noon, in a known
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latitude; shew how the altitude of the tower may be

found.

10. Construct Newton's Telescope, and investi-

gate its magnifying power,

1 1. Find the variation of the force tending to the

focus of an hyperbola, by which the opposite hyper-

bola may be described.

12. Supposing the attraction of the earth and moon
to be as their quantities of matter directly, and the

squares of their distances inversely ; having given

their quantities of matter and their distance, find

that point between them, at which a body would be

at rest.

13. Make a body oscillate in a given epicycloid.

Mr. Jephson.

FIFTH AND SIXTH CLASSES.

1. Agreed for the carriage of 2^ tons of goods,

2-iV mile, for ^ of a guinea ; what is that per cwt.

for a mile ?

2. What is the amount of £l20. 10*. for 2| years,

at 4| per cent. ?

3. Divide .7584 by 3l6. ; and find the sum of

the recurring decimal 5.72323 &c.

4. Solve the following equations:

x + 4 s/{x-\-4)~lc)
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5. Prove that if AocB, J±BocB.

6. Divide x^ — nax* -\- na'x— d^ by x —a.

7. The number of combinations which (w) things

admit of when taken four and four together, is to the

number which they admit of when taken two and

two, as 15 to 2. Required the number of quantities.

8. Define the sine of an arc ; and prove that the

sines are the same, drawn from either extremity of

the arc.

9. Given the center of a circle; find its diameter

by means of the compasses alone.

10. Take the fluxion of (a^+ a?') • ^{a^—x"); and

_ , , /» ax
nnd the / ^^r j—:,

.

11. 1
i
= a maximum ; find x.

2a" 2x'*-^

12. The sum of(77) terms of the series 1,3^5,7>

&c is to the sum of (w— l) terms of the series 2,4,6,

&c. as (w) to {n— l). Required proof.

13. Let a perfectly hard body (A) impinge upon

another {B) four times as great, and at rest, with a

known velocity; find B's velocity after impact.

14. An eye is placed in the principal focus of a

concave spherical reflector ; compare the apparent

magnitudes of the object and image, when the

former is situated half way between the focus and

surface.

15. An inverted cone is filled with a fluid; deter-
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1 8 I 1

,

mine at what distance from the vertex a horizontal

section will sustain the greatest pressure.

16. When the center of force is without the

circle, find its variation in terms of the variable

distance.

17. Let a body begin to fail from an infinite

distance, force varyinp; as -—r.—-; : shew that its* ^ ^ (dist.)*

velocity at any point of its descent is equal to the

velocity that it would acquire through the remain-

ing distance, force at that point being continued

constant.

Evening Problems.—Mr. Turton.

1. Define similar curves when referred to their

axes ; and prove that all parabolas are similar

curves.

2. A given rectangular parallelogram is immersed

vertically in a fluid, with one side coincident with

the surface. From one of its angles, it is required

to draw a straight line to the base, so that the

pressures on the parts into which the parallelogram

is divided may be in a given ratio.

3. Find that point, in the periphery of an ellipse,

from which a body must fall, towards the center of

force in the focus, through the greatest or least space

to acquire the velocity in the curve, at the point

from which it fell ; and shew, from the fluxional
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equation, whether the point determined gives the

space a maximum or minimum.

4. Construct Gregorie's Telescope, and investi-

gate its magnifying power.

5. The times of falling, from different altitudes,

into the same center of force, vary as the n'^ powers

of those altitudes. Required the variation of the

force.

6. Suppose a person to stand before a vertical

plane mirror, at any distance from it; given the

altitude of the eye above the bottom of the mirror,

find the part of the body that will be seen ; and

shew that exactly the same part will be visible at

all distances from the mirror.

7. If parallel rays be incident on a sphere of

given refracting power, find that ray, of which when

produced, the part included by the sphere will be

to the part included of the refracted ray, in a given

ratio.

8. On a given day, at a given hour, and in a given

latitude, it is required to find the length and direc-

tion of the shadow of a stick of given length,

inclined to the horizon at a given angle, and in a

given direction.

9. Resolve ; ;- into quadratic factors,
1-2/2+2!-" ^

when / is less than unity.

10. In the expansion of (a-\-b+ c-{-d-^Scc.)"',

investigate the coefficient of the term involving the

literal product a''h''c'd' &c.
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1 1

.

Given a.i + (/>i:+ ci/) . j:= dif + {hx -f ty) . nx ;

find the relation between x and i/.

12. Surn the following series : viz.

and ad inf.

-JL_+ 1 + 9 + &e
1.2.3.4.5 4.5.6.7.8 7.8.9.10.11

to « terms, and ad inf.

13. Find the fluents of

J \-x''
and of

{g + liz")^{e-^fz»)'

14. Given the latitude and longitude of a fixed

star; required the angle which the direction of the

earth's way makes with a line drawn from the earth

to the star, on a given day.

15. Find the time of the year at which a star,

whose right ascension and declination are known,

rises with the sun, to an observer in a given latitude.

16. Shew that the force of resistance on a sphere,

moving in a fluid, with a given velocity, is to the

force that would destroy the sphere's whole motion,

in the time in which it would uniformly describe
c

- of its diameter, as the density of the fluid to that

of the sphere.

17. Find the value of the disturbing force of S
upon P, in the case of the three bodies (Sect. XL);
and deduce the mean quantity of that force, during
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one revolution of P round T; supposing that M=
the force of 8 at the distance r.

18. If the density of a fluid be proportional to

the compressing force, and its particles be attracted

by a force varying inversely as the distance from

the center; shew that, distances from the center

being taken in geometric progression, the correspond-

ing densities will be in geometric progression.

19. Investigate Cotes's method of determining

the length of an arc of the meridian, on the plani-

sphere.

20. Shew that, in any position of the moon's

nodes, the mean horary motion of the nodes, in

one synodic revolution of the moon, is equal to

half their horary motion when the moon is in

syzygies.

21. Having given two distances of a comet, in

its parabolic orbit, from the sun, and the angle

included ; deduce this proportion for determining

the perihelion (which is here supposed to lie between

those distances.)—The sum of the square roots of

the distances is to the difference as the co-tang-ent

of the semi-sum of half the true anomalies to the

tangent of the semi-difference of the same.

22. Apply Newton's general proposition, in the

8th Section, to the case of Cotes's three last spirals;

point out the circumstances that determine the

spiral ; and deduce his construction of the elliptic

spiral.

23. The major and minor axes of an ellipse are

Ee
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given ; and a body begins to descend, from the

extremity of the minor axis, towards the center of

force in the focus, with the velocity in the curve at

that point. Compare the time of descent to the

focus with the time of revolving in the curve, from

the same point to the nearer apside.

24. Suppose a sphere to move in a resisting

medium ; it is required to cut off a segment, by a

plane perpendicular to the direction of its motion,

so that the resistance on the remaining frustum

may be three fourths of that on the end of a cylin-

der circumscribing the sphere.
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1812.

Monday Morning —Mr. Hustler.

Monday, January 15, 1812.

first and second classes.

1. If two straight lines are parallel, the common

section of any two planes passing through them is

parallel to either.

2. The length of the tropical year being 365^ b^

48' 48", explain the reason why three out of four

hundredth years are not leap-years.

3. Shew the method of discovering whether an

equation has any equal roots ; and apply it to the

solution of the equation,

x^-\3x*-k-67x^- 171x^ + 216^—108 = 0.

4. Determine the evolute of the common para-

bola.

5. Compare the resistance to a given cylinder

moving in a fluid in a direction perpendicular to

its axis with the resistance to the same cylinder

moving with the same velocity in the direction of

its axis.

6. At a given hour, on a given day, at a given

place, to determine the latitude and longitude of the

mid-heaven.
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7. If S be the point of suspension of an oscillating

body, G the center of gravity, O the center of os-

cillation ; and from center G with radii GS, GO,
circles be described in the plane of oscillation ; then

the axis of suspension being removed to any point

in either circumference, the pendulum will oscillate

in the same time as before.

8. Find the increment of the number whose

hyperbolic logarithm is x.

9. Shew that the fluent of

z 1= - vers. sin. 2z.
sec. z. cosec. z 4

10. A paraboloid, laid upon a horizontal plane,

rests with its axis inclined to the horizon at SO'^.

Compare the length of the axis with the latus

rectum.

11. If a body be projected at an angle with the

velocity acquired in falling from an infinite distance,

force varying as —p—~
_,
compare the chord of cur-

vature of the orbit at the point of projection, with

the distance.

12. Sum the following series :

5 ^ + ^
1.4 2.5 3.6

1.3.4 2.4.5 3.5.6

1 1.2 1.2.3
1 1

3 3.4 3.4.5

,&c.

I

1

to n terms and

, &c.
i1

in inf.

1

+ J
,2,.3 .4

76'
,
&c. to inf.



1812.] CAMBRIDGE PROBLEMS. 221

13. AFB is the trochoid of Newton, in the sixth

Section ; VD its axis ; CEFan ordinate parallel to

the base AB, cutting the curve in C, and the circle

on the axis in E. Shew that the arc I^E is to the

line CE in a constant ratio.

14. If several circles be described, the force tend-

ing to a common point in all their circumferences,

the periodic times are as the cubes of the radii.

Required a proof.

Monday Afternoon.— Mr. Hustler.

FIFTH AND SIXTH CLASSES.

1. Prove that in the multiplication of decimals,

there are as many decimal places 'vc\ the product as

in the multiplier and multiplicand together.

2. Find two numbers, such that if 4^ of the less

be added to ^ of the greater, the sum will be 7;

but if y of the greater be taken from the less, the

remainder will be 2.

3. Extract the square root of 6 v'( - 2) —3.

4. Ifa perpendicular be let fall from the vertex of

any triangle upon the base, the rectangle by the sides
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of the triangle = the rectangle by the perpendicular

and the diameter of the circumscribed circle.

5. Having given the sine of an angle, it is re-

quired to Hnd the cosine of twice the angle.

6. Sum the series, 2, 2->, 2t, 3, &c. to 13 terms.

1
1 1

. 1 «
also, -—- + —— -|- -— &c. to n terms.

i.«j o.D 0.7

7. Draw a meridian line, and shew the method of

finding the sun's meridian altitude by experiment.

8. If a body revolve in a circle, the force being

in a point of the circumference ; required the law

of the force.

9. The square of any odd number increased by

3 is divisible by 4.

10. Shew that the angular velocity in dif-

ferent conic sections about the same focus oc

V(latus rectum)

(disty ~'

11. Find the fluxion of

(a + bx^'-{-cxh'^ and of hyp. log. of
'^['^['^''^

i

also the fluent of

12. Prove that all the images of an object placed

between two plane mirrors inclined at a given angle

will lie in the circumference of a certain circle.

13. Required the amount of X^6. 13^. 4r^. put

out to simple interest for 5 years and 4 months at

6 per cent, per annum.
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14. Prove that the time down different inchncd

,
length

planes oc ,,,.,, .^ -/(height)

15. If a body float on a fluid, the part immersed

: whole body :: specific gravity of body : specific

gravity of fluid.

16. Prove that all rays coming parallel to the

axis of a parabolic reflector will converge accurately

to the focus.

17. In theequationj7^ — 10i;^+ 27^7— 18=0, the

greatest root is double of the second and the second

treble of the third. Find all the roots.

Monday Afternoon.—Mr. Turton.

THIRD AND FOURTH CLASSES.

1. Given the series arising from the expansion of

{n + hy- ; determine the n'*" term.

2. Find the equation whose roots are 1 ± /( — 2),

2± V(-3).
3. The roots of the equation oi^—px'-^-qx—r^zo

are a, by c; find J;he equation whose roots are a h,

ac, be.

4. Find the sum of n terms of the series 1^+ 3^+
5'+ &c.

6. Find the fluents of the following quantities :

x^i X
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6. Determine, hy geometrical construction, that

point in a cycloid at which the velocity of an oscil-

lating body is half the greatest velocity.

7. Shew that, at any point in an ellipse, the

increase of the focal distance is to that of the per-

pendicular on the tangent as CDxHP to AC
X CB.

8. A hemisphere, resting on a fluid with its

vertex downwards, has two thirds of its axis im-

mersed ; compare the specific gravities of the fluid

and solid.

9. If a= the altitude of a parabolic frustum, and

b, c be the radii of its bases, also /?=3. 14159;

1) Qi

then will the solidity = — x (^*-f-c') : required a

proof.

10. If the reflecting curve be the arc of a given

cycloid, the rays being incident parallel to the axis;

required the nature and length of the caustic.

1 1

.

Determine the points of the compass on

which the sun will rise and set, to an observer at a

given place, on a given day of the year.

12. Given the earth's radius and the space fallen

through in one second at its surface; also the pe-

riodic time of the moon j required the moon's

distance, gravity varying inversely as the square of

the distance from the earth's center.

13. A body descending from rest in a fluid

acquires a velocity (a) in falling through the space
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(.y). Compare the specific gravities of the fluid and

bodv, the resistance of the fluid being neglected.

14. Compare the time of moving through the

apside, from one extremity of the latus rectum to

the other, in diflferent parabolas, round different

centers of force in the foci.

Monday Evening.—Mr. Turtox.

1. Prove that, if frojn any point in the directrix

of a parabola two tangents be drawn to the curve,

those tangents will be at right angles to each

other.

2. In treatises on mensuration, the expression

8 chord iA~ chord A . .

^ is given as an approximate

value of the arc (A) of a circle : investigate the

truth of this approximation.

3. Give CoTEs's constructions for determining

the orbits described by bodies acted upon by forces

varying inversely as the square of the distance.

4. There is a point in the circumference of a

circle from which the circumference is suspended.

Shew that, if two equal weights be fixed at any

points whatever in the circumference, equally dis-

tant from the point of suspension, and be made to

vibrate in the plane of the circle, the time of oscil-

lation will be equal to that of a pendulum whose

F I
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lengtli is the diameter of the circle.—(The circum-

ference is devoid of gravity.)

5. Prove that the time of falling from rest from

any point (P) in a parahola to the center of force

the focus (*S') is to the time of moving in the curve

3v ii.

from that point to the vertex {A) as — xSP' to

{SP + 2SA) ^{SP- SJ) (p = 3. 14159).

6. Solve the fluxional equation ij -\- Pyx = Q.f,

where P and Q are functions of j;.

7. Shew that, between the values x^O, and ^=1,
^,z«+ij^. ^2.4,6 2w

v/(l— ^') ~ 3.5.7 (2/z + l)
'

x-"x _1.3.5 (2W-1) TT

^"^
' ^(1-0^^)"" 2. 4. 6 2n "2

(7r=half the circumference of a circle to the radius

1 ) : and from these fluents deduce Wallis's ex-

pression for the circumference of a circle to the

2\A\Q\ ad inf.
same radius; viz. 4 x

1 .3\5^ad inf.*

8. If a straight line of given length pass through

a fixed point, and one end move along a straight

line given in position, construct the curve which

will be the locus of the other extremity.

9. Shew in what case the cycloid ivithin the

globe (in the 10th Section) becomes a straight

line : and find, from the requisite data, the time of

oscillating in that line.
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10. Shew that, when in any curve the velocity-

is less than that in a circle at the same distance,

the angle iDetween the radius vector and direction

of the hodifs motion continually diminishes: and

that when the velocity is greater than that in a

circle the said angle continually increases.

11. Having given two altitudes of a star, whose

declination is known, and the times of observation,

on a given day, find its right ascension and the

latitude of the place.

12. Given the latitude and longitude of three

places on the earth's surface ; find the latitude and

longitude of one equally distant from them all.

13. Given two distances from the pole of a loga-

rithmic spiral_, and the angle between them—shew

how the spiral may be constructed.

14. Determine theform of a vessel of given alti-

tude which being filled with a fluid and a given

orifice being opened in the bottom, the velocity of

the descending surface will vary as the n^^ power of

the altitude of the surface above the orifice : and find

the content of the vessel when the surface begins

to descend with a given velocity.

15. Shew how to determine, from three obser-

vations, the direction in which a comet is moving,

supposing the motion to be uniform and recti-

linear.

16. If a body be projected from the earth's sur-

face in a direction making an angle of 45*^ with
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the horizon, and with the velocity of a body revolv-

ing in a circle at the surface ; required the point at

wiiicii it will reach the earth again, and the time

of motion.

17. Explain the formation of figurate numbers,

and shew that if the figurate numbers of any order

be divided by the corresponding numbers of the

next order, the sum will be infinite ; but that if

they be divided by those of the next order but

one, the sum will be finite.

18. Determine the conic frustum^, of a given

base and altitude, on which, when moving in the

direction of its axis, with its less end foremost, the

resistance will be less than that on any other frustum

of the same base and altitude.

19. If a body whirled round by a string, describe

a circle in a vertical plane, shew that the string

cannot retain the body in the circle, unless it can

support six times the weight of the body.

20. Prove that if the center of the generating

circle of a cycloid move with half the velocity

which a body would acquire in falling through its

diameter, the describing point will move in the

same manner as a body oscillating in the cycloid.

21. Investigate Taylor's theorem: and shew,

from the theorem^ that when the ordinate of a curve

is either a maximum or minimum, theJirst fluxion

vanishes; and that the maximum o/- minimum will

be determined by the second fluxion being negative

or positive.
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22. A triangular prism, with three unequal sides,

rests on a fluid with one angle immersed; having

given the point in one side through which the

surface of the fluid will pass, find the position of

the body.

23. A piston, closely fitting a vertical tube, will,

by compressing the air as it descends by its own

weight, rest at the altitude - (a being the whole

altitude). Now suppose the piston to be forced

a
down to the altitude — and there left to the action

pn

of the compressed air ; find the velocity at any

point of its ascent ; friction being neglected.

24. A prismatic vessel, of given dimensions^ with

its sides vertical, is filled with a fluid : there are

two given and equal orifices^ one at the bottom, the

other bisecting the altitude ; required the time of

emptying the upper half, supposing both orifices to

be opened at the same instant.

Tuesday Morning.—Mr. Turton.

1. Shew that in addition, subtraction, multi-

plication and division of quantities of the form

a±b^(— l)y and also in the involution of that

quantity, the results will always he of the form
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2. The roots of the recurring equation x*{ p x"^ +

1 crO must he of the form a, b, -
, r : exhibit them

a

in that form.

S. Find the fluent of

dzx(n + b z"y^
, ^ —

.

^ ~
, and ot . , .A

z
' zx{a+bz")'

4. Compare geometrically the resistance on the

curve of a cycloid, moving in the direction of its

axis, with that which would oppose the base.

5. Find, from the requisite data, the actual

velocity, acquired in falling through the space ADj
in terms of the area ABFD. (Newton, Prop. 39.)

6. Give a definition of finite curvature; and deter-

mine the nature of the curvature at a point (P) of

a curve at which yy^ approaches to a given area

[A-) as its limit.

7. Shew that the expression for the force in the

moveable orbit V^ "^
A''

/ '
"^^"^^ ^P"

plied to orbits nearly circular, continually approaches

to A^^ '^ as its limit.

8. Having given the latitude and longitude of

a star, find its angle of position.

9. Find the annual variation of the right ascen-
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sion and declination of a star arising from the pre-

cession of the equinoxes.

10. If A be the arc of a circle whose radius is

unity, prove that

A' A^ A^
log. COS. A=-M (Y +O + JTg + ^)

11. A parabola revolves round its axis, which is

vertical, in a given time, and the angular motion

will just prevent a body, at any point of the curve,

from descending. Required the parameter of the

parabola.

12. Prove that, if different reciprocal spirals be

described round the same center of force, the areas

described in the same time, in those curves, will be

equal.

13. Investigate the w''' integral of xv.

14. Two weights P and ff^ are connected by a

string passing over a fixed pulley ; find the velocity

of P at any point of its descent from rest, and also

the time of descent ; the weight of the string and

pulley being considered.

Tuesday AJ'tertioon.—-Mr. Turton.

FIFTH AND SIXTH CLASSES.

1

.

Given x-\-y = a, and x'^ -\-i/^= W ; find x and y.

2. Divide 1 by 2a— x.

3. Find the number from the m"" root of which,

if the w."' root be subtracted, the remainder will be

the greatest possible.
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•^ 4. Shew that the tangent of 45" is increasing

twice as fast as the corresponding arc.

5. If a body be kept at rest by three forces, and

hnes be drawn equally inchned to the directions in

which they act, forming a triangle, shew that the

sides ol this triangle will represent the quantities of

the forces.

6. Find the Huent of

and ol

I. Given the three sides of a plane triangle; shew

how the angles may be found.

8. Given the velocity and direction of projection

;

find the range on a given inclined plane passing

through the point of projection.

9. In a given circle inscribe an equilateral tri-

angle ; and shew that the square of the side of the

triangle is triple the square of the radius of the

circle.

10. Given the longest diagonal of a rhombus=a^

and one angle =6o^. Required its area.

I I . Find the position of a straight line down

which the time of falling will be twice the time

down the same line when perpendicular to the

horizon,

12. Two given weights, .4 and B, are suspended

at the extremities of a uniform straight lever of

given length {a) whose weight is IV; required the
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distance of" the fulcrum from one end in case of

equilibrium.

13. If the force vary inversely as the cube of the

distance, prove that the velocity will vary as the

tangent, and the time as the sine of a circular arc,

whose radius is the greatest distance, and versed

sine the space fallen through.

14. Find how far a body must fall internally,

towards the center of force in the focus of an

ellipse, to acquire the velocity in the curve, at the

point from which it fell.

15. If a body be projected with a given velocity

and be acted upon by a given uniformly accelerat-

ing force ; investigate the principle on which the

space described in a given time is determined.

16. Shew that the periodic times in ellipses,

described round the same focus, are in the sesqui-

plicate ratio of their major axes.

17. A given rectangular parallelogram is im-

mersed vertically in a fluid with one side coincident

with the surface. Divide it, by a line parallel to

the surface, into two parts that will be equally

pressed

.

Tuesday Afternoon,—Mr. Hustler.

THIRD AND FOURTH CLASSES.

1. Prove that an harmonic mean is less than a

geometric.

G G



234 CAMBRIDGE PROBLEMS. [l8l2.

2. Find the amount of an annuity of £l40. pay-

able quarterly, for three years, simple interest

being allowed at 5 per cent.

S. In the common parabola, the normal is a mean

projjortional between the latus rectum and the focal

distance. Required a proof.

4. Prove that the chord of 120° = tangent of

5. A body projected at an angle of 6o° hits a

mark at the distance of 300 feet upon an inclined

plane whose elevation is 30°. Required the velocity

of projection, the greatest height above the plane,

and the time of flight.

6. Shew that the line joining the moon's cusps

is perpendicular to the plane passing through the

centers of the Sun, Earth, and Moon.

7. If from the center of an ellipse, with radius

equal to the line joining the extremities of the axes,

a circle be described ; a body let fall from any point

in its circumference towards the center, will acquire

at the point where it meets the ellipse the velocity

which a body revolving in the ellipse about the

center would have at the same point.

8. The equations ^=^ - 3 :c' + 1 1 ^ - 9 = 0, and

a^-5a?='+ll^-7=0havea common root ; find all

the roots.

9. If a cylindrical vessel filled with a fluid and

placed perpendicular to the horizon, empty itself



1812.] CAMBRIDGE PROBLEMS. 235

through an orifice at the bottom, shew that the

velocity of the descending surface will be uniformly

retarded.

10. Prove according to Newton's 39th Prop.,

that if the force vary as the distance, the velocity in

a straight line is as the sine of a circular arc whose

radius is the whole distance, and versed sine the

space described.

1 1 . Find the fluents of

, of cT^ i N/(a' + ^^), and of

12. If the angle between the apsides in an orbit

nearly circular be 6o°, how does the force vary ?

13. If a force varying as the distance tend to the

center of a globe, the times of oscillation in all arcs

of the hypocycloid are equal.

Tuesday Evening.—Mr. Hustler.

1. Two bills, one for £.a payable [h) months

after date, the other for £.c payable {d) months

after date, are presented at a banker's, who advances

£.jP for them. Required the rate of simple interest.

2. The excess of the sine above the versed sine is

greater for 45*^ than for any other arc less than a

quadrant.

3. Find the center of gravity of a portion of a

given paraboloid, cut off by any plane.
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4. If the arc of a common cycloid in which a

pendulum oscillates be divided into four equal arcs,

the time through the first quarter = -i^ of the whole

time of oscillation.

5. In the rtcij)rocal spiral, the tangent of the

angle made by the radius vector with the curve

varies inversely as the distance. Required a proof.

6. With two dice, compare the chance of throw-

ing the number 7 in one trial with the chance of

throwing it twice in three trials.

7. If a body revolve in an ellipse, the force being

in one focuSj the angular velocity about the other

focus is not accurately equal to the mean angular

velocity, except at four points. Determine those

points.

8. In the stereographic projection of the sphere^ a

great circle not passing through the pole is projected

into a circle whose radius is the secant of inclination

to the plane of the projection ; and the distance of

its center from the center of the sphere is the tan-

gent of the same angle.

9. Sum the series

— + -^ + ~z &c. in inf.
1* 3'* b^

10. The length and distance of a straight object

placed before a concave spherical reflector being

given, it is required to determine the axes of the

image.
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11. If several bodies be projected from different

distances towards the center, force varying as

7-p

—

^ , with the velocities acquired in falling from
(dist.)^

^

infinity at those distances respectively ; shew, ac-

cording to Newton's 39th Prop., that the times of

falling into the center are in the sesquiplicate ratio

of the initial distances.

12. The roots of the equation x'^ — p x^~'^ \- qx"^'"^

.... - Qx-\-R=0, being a, h, c, &c. shew that

a- , a' „ b' b^ „ c^ c^-^+~+&c. + -+- + &C. +^ +T +DC a c a b

&c. = {/-~2ry} . ^-;>.

13. At a given place, to determine the day when

a given star is due south at sun-rise.

14. A sphere acted upon by gravity is projected

downwards in a medium with a velocity greater than

the greatest acquirable velocity in the medium;

determine the velocity after any space has been

described, and the limit when the space is infinite.

15. If an ordinate parallel to the base of a com-

mon cycloid cut the curve in P and the generating

circle in Q, and tangents PT, QT to the cycloid

and circle be drawn, meeting in T, the locus of all

the points T is the involute of the generating

circle.
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16. Find the fluents of

(/?) being an odd number^, of -^—^
,

— ,r

and of

\/ (hyp- '°g- 1)

17. If the rhumb-hne be always inchned to the

meridians at 6*0^, its length from the equator to the

pole = half a great circle of the sphere,

18. Determine the curve of aberration in a plane

parallel to the ecliptic, if the orbit of the earth were

a circle, and the sun in the circumference.

19. A cube is bisected diagonally by a plane,,

and one half being filled with a fluid is placed,

vertex downwards, with the bisecting plane parallel

to the horizon. Find the time of emptying through

a small orifice made at the lowest part.

20. Supposing gravity to be constant and perpen-

dicular to the horizon, and that the resistance of

a medium varies as density of medium x (vel.)'

of the body ; required the law of density, so that

a body may describe a given circle. (Newton,

Vol. II. Prop.x.)

21. A weight A attached to a string AB, being

laid on a horizontal plane ABCD, the extremity

B of the string is moved along a line BC which is

at first perpendicular to BA, and the weight A
traces out a curve AD on the plane. Shew that the
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surface of the solid made by the revolution of this

curve indefinite in extent about 5C= eight times

its area.

22. Find the length of the tide-day at new and

full moon, and shew that the tide-day is at all times

greater than the solar-day.

23. The first term ofan arithmetic series is («), the

last term (/) the conimon difference (rf): also S, S,S
1 t 3

S are the sums of the first, second^, third.

(m— ly*" powers of the terms; shew that (l + d)"

7rt ^w-~l7no 7n— 1-a'''=m.d.S -\- 7n.—^d.S -{ m.-- -
ffl—

1

^ m—

9

2

wi—

2

.d'.S 4-&C.

24. A great circle revolves about the axis of a

sphere with an uniform angular velocity quadruple

of that which a point setting off from the pole ad-

vances along it. Find the two surfaces into which

the motion of the point divides the hemisphere.
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1813.

3Ionday Morning-.—Mr. Macfarlan.

Monday, January 18, 1813.

first and second classes.

1. ouM the series, cos. ^+ cos. 2^ + cos. iiji. . .

+ COS. w.d( where Wy^ = whole circumference. Also

4• 1 2,3
the series + -

2 3 4

2. Find the fluent

-, &c. ad inf.

X

prove that the fluent of t'^ x between the values of

J . 1 1 1 1 o
j?= 0, anda;= 1, is -- - + — \- &c.

1 2^ 3' 4*

3. AB is a spherical reflecting arc ; C the middle

point ; /ITand //7^tangents from the extremities, to



1813.] CAMBRIDGE PROBLEMS. 241

which CP and C^ are drawn parallel; it is required

in these lines to find two points, P and Q, so that

all rays proceeding from P and incident at A or B,

may after reflection converge to Q.

4. Find the quantity of refraction by the circum-

polar stars, (Boscovich's method) the refraction being-

supposed to vary as the tangent of the apparent

zenith distance.

5. The angle contained by the two equal sides

of an isosceles spherical triangle is greater than the

angle contained by the chords of the same sides.

«
' — b''

6. Find the value of the fraction
X

when .T=0, and of (1—*) tan. — when 07=1,

IT being = semi-circumference of a circle rad. = 1.

7. If a straight line be drawn through the center

of gravity of a triangle to meet two sides and the

third side produced ; the rectangle under the seg-

ments of this line measured from the center of

gravity on one side of it is equal to the sum of the

rectangles under the same two segments and the

segment on the other side of the center of gravity.

8. Determine the position in which a lever of

given length and uniform thickness will rest between

two given inclined planes.

9. If the resistance vary as the velocity, and the

force of gravity be constant, the times of describing

H H
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all chords of a circle terminating in the extremity of

a vertical diameter are equal.

10. In moving from the equator to the pole, the

increase of a degree of latitude varies as the square

of tlic sine of latitude.

11. A body revolves in a circle, the center of

force being in the periphery. Investigate the nature

of the curve traced out by the extremity of the

perpendicular upon the tangent; find its area and

length, and the value of the greatest ordinate.

12. The density of a lever of given length varies

as the n^^ power of the distance from one extremity,

by which it is suspended. A given weight (P)

attached to the other end, and acting perpendicu-

larly by means of a pulley, keeps the lever horizon-

tal. The lever (when P is removed) would vibrate

m times in t". Required the weight of the lever,

and the index (w).

13. A body, urged by a force varying inversely

as the square of the distance, describes from rest a

given straight line, while the line itself revolving

uniformly performs one complete revolution. Re-

quired the area described.

14. The perimeter of an equilateral triangle in-

scribed in a circle is greater than the perimeter of

any other isosceles triangle inscribed in the same

circle.
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Monday Afternoon.—Mr. Macfarlan.

FIFTH AND SIXTH CLASSES.

1. Reduce ~ r^—^~ to its lowest terms;

and prove the Rule for finding the greatest common
measure of two quantities a and b.

2. Extract the square root of 3 15.27 Ij ^"d show

generally that if there be n figures in the root there

cannot be more than 2 n nor less than (2/2 — 1 ) figures

in the number whose root is to be extracted.

3. Prove that the hypothenuse of a right-angled

triangle is less than the sum of the two sides by the

diameter of the inscribed circle.

4. Given the tangents of two arcs ; find the tan-

gents of their sum and difference.

5. When the force varies inversely as the square

of the dist. the periodic times in ellipses vary as

(axis major)- .

^(abs. force)

6. Solve the following equations :

15
xz = y-

X +3/ -Vz — 21

x'J^y- = 34
)

x^ — xy = 10 j

7. Prove that a geometric mean between two

quantities is a mean proportional between an arith-
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metic and an harmonic mean between the same two

quantities, and show of these three mean terms

which is tlie greatest.

8. Extract the square root of a^ - // to four terms

by the binomial theorem.

9. Find the fluxions of («4-.r) x ^{a-Jc); cf

2 cti
a* ; and the fluent of -:; «

.

10. A body is projected from the bottom of a given

inclined plane with a given velocity ; find the direc-

tion when the range will be a maximum.

11. Find the focal length of a glass sphere.

12. The specific gravity of gold and silver being

(rt) and {h) and of their compound (c). Find the

ratio of the quantities of the gold and silver in

the mixture.

13. Given the latitude of the place and the sun's

altitude at six o'clock; find the time of the year;

and give the proportions for solving the spherical

triangle.

14. Construct the supplemental triangle, and

prove its properties.

15. In the parabola the rectangle under the prin-

cipal latus rectum and the abscissa is equal to the

square of a semi-ordinate to the axis.

16. Prove the rule for the extraction of the square

root of a binomial surd, and apply the expression to

7— 2\/3!
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17. In a triangle whose sides are (a) and {b), and

the included angle ^ of a right angle, the square of

the base = r

.

a ~o

Monday Afternoon.—Mr. Jephson.

THIRD AND FOURTH CLASSES.

1. Investigate the rule for extracting the square

root of a binomial surd, and apply it to find the root

of 2+ 2^(1 -a").

2. The true zenith distance of the polar star when

it first passes the meridian is 46«. 50'. 40". 75'".

and at the second passage is 50^. 25'. 50". 30'".

Required the latitude of the place.

3. If any number of circles be drawn through two

given points A and B cutting a given circle, the lines

which join the points of intersection shall all meet

AB produced in the same point.

4. In a system of {n) equal pullies, each hanging

by a separate string, and the strings parallel, having

given P and ^and the weight of one pulley, find

(w) when there is an equilibrium.

5. If a vessel be filled with fluid, the pressure on

any part : the weight of the fluid :: area of that part

X the depth of its centre of gravity : solid content of

the fluid.

6. If /> + 1 : 1 be the ratio of the tangents of two
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angles, and m : n the ratio of their sines, shew that

/^ + 1 : 1 is always greater than m : n.

7. Prove that

and that

n mz m
-i /^ / 1 N

./• —r~7~l= '

./ L \ '^^^ tang. =z\/ -.(rad. l).

8. Sum the series 2' + 4' + G--f 8^+ &c. to (w)

terms; and shew that the series l^ + 2' + 3^4-&c. to

(??) tcrmsj equals the square of the series 1 + 2 + 3 -|-

&c. to (w) terms.

9. Prove the following formulae,

z^
sm. {x - z) = ultimately sin. x — z cos. x h—sin. x,

Ji

{%) being diminished sine limite
;

cos. ^4- sin. y^ .

^ : -. =tang. 2^+ sec. lA%

and having given an arc A, find another arc B so

that tang. B — sec. A - tang. A.

10. Force oc ——-; shew that the velocity at any

—
j ; being the circular

arc whose diameter is the first distance, and versed

sine the space described,

11. The increment of a semicircular area made by

ordinates perpendicular to the diameter : the con-

temporary increment of the corresponding sector ::
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versed sine of twice the arc : radius. Required proof,

and find that point at which the difference between

the sector and the area is a maximum.

12. Transform the equation ?/3 + 2p?/'—33/>^z/

+

I4p^ = into one whose coefiicients are numeral.

13. Determine that point in an elhpse, force in

focus, where the velocity is a harmonic mean be-

tween the greatest and least velocities.

14. Find the content ofthe greatest cone that can

be cut out of a given paraboloid, the vertex of the

cone being in the centre of the base of the para-

boloid.

15. Find that point in P's orbit (1 1th section) at

which the tangential ablatitious force : the mean
addititious :: 3 : 2.

Monday Evening.—Mr. Jephson.

1

.

Extract the square root of 4mn+ 2 . (rn^ — n^) .

v/(-l).

2. There are (/>) arithmetical progressions each

beginning from unity, the common differences are

1, 2, 3 /?, shew that the sum of their w*'* terms

^ {n-\).p'-+{n-\-\).p

2

.3. Force to -S cc ——-; prove that the velocity

acquired in descending down any space AC : that

which would have been acquired at C if the force
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at A had continued constant :: the chord : the sine

of a circular arc whose diameter is SA and versed

sine AC.

4. If systems of logarithms be taken, whose bases

increase m geometrical progression, shew that their

moduli decrease in harmonical progression.

5. Given the sun's declination, and that the sun

is due cast when half the time between his rising

and twelve o'clock is elapsed; find the latitude of

the place.

6. There are two events A and B independent on

each other ; the probability of A's happening : pro-

bability of failing :: p : q ; the probability of 5's

happening : probability of failing :: r : s. In (2/7)

trials what is the probability that they will happen

alternately all along?

7. Trace and construct the curve 'whose equation

is w-= and determine the acute angle at

which it cuts the axis.

8. The concave surface of a cylinder filled with

fluid is divided by horizontal sections into (n)

annuli in such a manner that the pressure upon

each annulus is equal to the pressure upon the base;

given the radius of the cylinder^ find its height,

and also the breadth of the (p^^) annulus.

9. Find y .
; also having given
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also find the values of 3/ in the equation y^^^=^0.
z

10. Sum ^ ^ + !i^— +&C.
1.2.1.3^ 2.3 .3.5^3.4.5.7

to (w) terms and in inf. and

1 2 3
+ :^ + —

;:;i + &c. in inf.
1.3* 3.5' 5.7

and apply the method of increments to sum (n)

terms of the series

3 3.4 4.5.0
1.3 2.3' 2.3^

^

11. Find the equation to a spiral in which the

angle described by the radius vector SP oc
^ p^^ ;

and shew that the subtangent to any point P : the

corresponding circular arc described with radius SP
and beginning from the asymptote :: n : 1.

13. A revolving spheroid will retain its form if

four times the primitive gravity at the equator : five

times the centrifugal force of rotation :: semi-axis :

the elevation of the equator above the inscribed

sphere.

13. Two equal weights sustain each other by

means of three tacks situated in the same vertical

plane ; prove that the vertical pressures are together

equal to the sum of the weights.

14. An inverted paraboloid is supplied with water

at a given rate
; given its dimensions, and the area

I I
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of the orifice which is in the vertex ; it is required

to find the highest point to which the water will

rise, and also the time.

15. Parallel rays are incident upon a semi-cycloid

in a direction perpendicular to the base; find the

caustic, and shew that the density oc tang. +
2 tang. 2 0, {9 being that arc of the generating circle

of the cycloid which corresponds to the point of

incidence.)

16. If (v) = the true anomaly, w = the eccentric,

and e : 1, the ratio between the eccentricity of the

orbit, and its semi-axis major, then

c~l~cos. u
cos. i;= '-—

. Required proof.
I i- e . COS. u ^ ^

17. A logarithmic curve being described, con-

struct for its sub-tangent.

18. P and Q are placed at the ends of a lever, P
hangs by a thread ; given P and Q, it is required to

find where the fulcrum must be placed so that the

tension of the thread may be a maximum.

19. A body oscillating in a medium whose resist-

ance oc (vel.)^, construct for the resistance at each

point. (Newt. Prop. xxix. Vol. II.)

20. By means of the compasses alone, it is re-

quired to inscribe in a square an equilateral triangle

having one angle in an angle of the square.

21. The corner of a rectangular piece of paper is

doubled down, so that the triangle shall always be of
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a given area, prove that the vertex of the triangle

will trace out a lemniscata, whose area equals the

area of the triangle and which may be described by

a force placed in its knot varying as -jr^.

22. A quadrant is stretched out into a straight line,

and upon it as an axis ordinates are drawn which are

equal to the versed sine of twice the intercepted arc;

find the whole area of the curve so traced out, and

determine the point of contrary flexure.

23. The nodes being in quadratures, prove that

the mean decrement of their motion arising from

the acceleration of the areas is equal to
:f
th of the

decrement in syzygy.

24. If a perfectly flexible and uniform chain of a

given weight coincide with the convex surface of a

vertical quadrant having one radius horizontal, find

the velocity acquired in its descent, and the tension

at a given point in any given position of the chain.

Tuesday Morning.—Mr. Jephson.

FIRST AND SECOND CLASSES.

1. Are the quantities ^{-a) x s/i~^) ^"^

4/(-«) X\/(-^) possible or impossible ?

2. Given that a parabolic area : its circumscrib-

ing parallelogram always :: m : n; it is required to

find the latio between the solids generated by these
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areas revolving round tlieir common axis, and to

apply it to the case of the common parabola.

3. Shew that at a point of contrary flexure the

fluxion of V = O.

y

4. The inscribed sphere is taken away from an

oblate spheroid of small eccentricity ; find that

annulus parallel to the plane of the equator which

attracts a corpuscle at the pole with a maximum
force.

5. If ( — a) be a root of the equation

shew that x-{-a is a divisor of the expression
j.«_|_^^i-«q- qjn-^

J- , &c ±IV.

6. The latitudes oftwo places on the same meridian

are observed, and perpendiculars to their horizons

are drawn meeting within the earth, (not supposed

to be a sphere) ; shew that the angle at which the

perpendiculars will meet is equal to the difference of

the observed latitudes.

7. Find the content of the solid generated by the

revolution of a cycloid round a tangent parallel to

the base.

8. Explain the Nonius, and shew that the instru-

ment is rendered more sensible by increasing the

number of the divisions.

9. A bag contains three red balls and two white

ones; what is the probability of taking out a white

ball in two trials ?
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10. Give a geometrical construction for finding

the resistance upon any curve, and apply it to de-

termine the ratio between the resistance upon a

catenary moving in the direction of its greatest

ordinate and the resistance upon its axis.

11. The circumference of a semi-circle being

considered as an abscissa, and ordinates drawn from

its convex side in a direction perpendicular to the

diameter and varying as the n^^' power of the inter-

cepted arc, it is required to draw a tangent to the

quadratrix thus traced out, and to shew that in the

case of the cycloid, the tangent is parallel to the

corresponding chord of the generating circle.

12. A perfectly hard body falls down an inclined

plane AB, and is inflected along another inclined

plane BC; now AD, DE, EF are respectively per-

pendicular to CB produced, to AB and to the hori-

zontal line CF; shew that the velocity acquired at

C is equal to that which would be acquired by

falling down E F.

13. Every recurring series whose scale of relation

18^—^-1- e, may be resolved into three geometrical

series, whose common ratios are the roots of the

equation Jc^—J'x'^-\-gx— e=0.

14. P hanging freely raises ff^ up an inclined

plane by means of a thread not parallel to the plane;

find the tension of the string.

15. If (^) = the time of a comet's passage between
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its nodes, (^) = one year, 7r= 3.14159, then will the

line of nodes = v/ ^^
;

—

\ the earth's mean dis-

tance being (l). Required proof.

Tuesday Afternoon.—Mr. Jephson.

FIFTH AND SIXTH CLASSES.

1. Shew that sin. [- A)= —(sin. A)^ and that

COS. (

—

A)=- cos. A. Is sec. ( — A)= + or — sec. A ?

2. Solve the following equations :

(1.) a-]-x-hs/(2ajo-\-x^) = b
}

(2.) -^
"^ -^'"^f'

X x^ry y
X x-Vy y

x^ — jy^-v

y X X

3. The earth a sphere, and its radius 4000 miles,

find wliat distance may be seen by a person 9 feet

high.

4. Divide x'— ja.r^+ ^'X — r by x—a.

5. If two equal forces sustain each other by means

of a string passing over a tack, shew that either of

the forces : pressure upon the tack :: radius : 2 cosine

of half the angle at which the forces act.

6. Vi a \ h w c \ d, then will a±mb : by. c±md
: d.

7. Prove that the radius of a circle which bisects

the chord will bisect the arc.
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8. Shew that the versed sines of the same angle

in different circles are to each other as the radii of

the circles.

9. U A : B .: C : D, then will log. i>=
log. 5+ log. C— log. A.

10. An inverted paraboloid is filled with a fluid;

find that horizontal section which sustains the

greatest pressure.

11. Explain the magic lantern.

^ 12. Shew the use of logarithms in finding

^ ,

,AW(B'-C^)
the value of ^ s,ijyi £ p^ •

13. Find all the combinations which can be made

out of the letters of the word Baccalaureus.

14. A certain velocity [a] is communicated to each

of two perfectly hard bodies at the instant of their

impinging on each other. Shew that the common
velocity after impact equal a ± what would have

been the common velocity if (a) had not been com-

municated.

16. Find the 28"" term ofthe series 13, \2\, 12^-,

&c. and sum the series 2, — - H
—

-,
, + &c,

3 18 108

in inf.

16. Take the fluxion of {x'"" -\r bc^'Y and find the

, , and / .
-—

a - mx ^ rt" + 2^
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17. Prove that in all curves the centripetal force

: the centrifugal :: SP : t- fYjT •

18. Force to S varying as dist. ; shew that the

velocity acquired in descending through any space

AC : tliat wiiich would have been acquired at C if

the force at A had continued constant :: sine : the

chord of a circular arc whose radius is SA, and

versed sine AC.

Tuesday Afternoon.—Mr. Macfarlan.

THIRD AND FOURTH CLASSES.

1. Solve the equation aP - llx^-\-36x—36=:0,

the roots being in harmonical progression.

2. If {?i), a prime number, be the index of a bino-

mial, every term of the expanded binomial, except

the first and last, is divisible by {n).

3. If two bodies acted upon by constant moving

forces in the proportion of 5 : 4, describe spaces

from rest in the proportion of 4 : 5, and acquire

velocities in the proportion of 5 : 6. Required the

ratio of the quantities of matter.

4. In a given circle, the plane of which is verti-

cal, to draw a diameter, which shall be described by

a heavy body in any given time, not less than the

time in which the vertical diameter is described.

5. The least angle which can be made with the

horizon, by any great circle passing through the
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place of a star at any given time, is measured by
the star's altitude.

6. The periodic times in all ellipses round the

same center are equal.

7» Find the effects of precession in right ascen-

sion and declination ; and shew when the effect in

right ascension vanishes.

8. Find the fluent of

^ •

-77- TT- , and of z X (sin. xY.
v{2ax—x) ^

9. Sum the following series :

(1.) 1' + .3' 4- 5' + 7U0 12 terms.

(2.) l.x-{- 2x'^-{' 3x^ -\-4x'^ + nx"".

(3.) 11+ ^^+ ^«+ T^^
&^- ^^"^f-

10. The density of the sun's rays formed by a

spherical reflector : density of his rays formed by a

glass sphere of the same radius :: 9 : 1. Required

proof.

11. Compare, after Newton's method, the resist-

ance upon the solid generated by the revolution of

a cycloid round the base, moving in the direction of

the base, with the resistance upon the circumscrib-

ing cylinder.

12. Having given the angle of a plane triangle,

the side opposite to it and the sum ofthe other two

sides ; required the sides.

Kk
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\3. Let a sphere descend by its gravity in a fluid,

whose specific gravity is to that of the sphere as 1

to ?/. Find tlie greatest velocity it can acquire on

supposition that the resistance varies as the square

of the velocity.

14. Extract the square root of 2 by a continued

fraction.

Tuesday Evening.—Mr, Macfarlan.

1. If the national debt be A£, and P£. be

annually invested at compound interest as a sinking

fund, in how many years will the debt be dis-

charged, the interest of// not being considered?

2. Find the sun's place in the ecliptic, when the

aberration of a given star in declination vanishes

;

and shew that the aberration in right ascension is

not necessarily a maximum when the aberration in

declination =0.

3. Find, after Newton's manner, the law of force

whereby a body may describe a semi-ellipse, the

direction of the force being perpendicular to the

axis major,

4. When the force varies inversely as the fourth

power of the distance, and a body is projected from

an apse with the velocity acquired in falling from

an infinite distance, to define the orbit.
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5. The curve AFR and the semi-circle APB
have the same abscissa ; the ordinate MV is equal

to the tangent of half the arc AP. Prove that the

area AMf^ is equal to twice the circular segment

AP; and find the point of contrary flexure.

6. Sum the series

5 6

and

1.2.3

6^

+ +
2.3.4 ' 3.4.5

7'
,

to n terms
J

8"

3.4.5.6
: to n terms

1.2.3.4 2.3.4.5

and ad infinitum.

7. Find the chance of throvi^ing three aces exactly

in five throws with a single die.

8. Find the greatest of all triangles having the

same vertical angle and equal distances between

that ai^le and the bisection of the opposite side.
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9. In orbits of little eccentricity, the greatest

equation of the center is equal to twice the eccen-

tricity.

10. Integrate the following fluxional equations:

y X ~ ay^n '

XX -{• ay = ^>'\/(i'+ 3'')-

yx — xy = X js/ i^^-hy^).

11. Find the fluent of

and when 7i = 3 shew that the value of the latter

fluent, between the value of a:= and x=l, is

1 s v4—

I

, A being; an arc of 45° to radius 1.
4 8' ^

12. If any number of projectiles be thrown from

the same elevated point, and with the same veloci-

ties in an horizontal direction ; the locus of the

points in which they will strike a given inclined

plane will be a conical frustum.

13. If a cylindrical vessel, placed vertically, and

kept full of water, be bored in innumerable points

;

the issuing fluid will be bounded by the surface of

a conical frustum.

14. Find the equation between the abscissa and

ordinate of the catenary.
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15. A body (P) draws a lighter body (W) over a

fixed pulley. A small oscillating motion is given to

^ at the commencement of P's action. Find the

number of oscillations before breaches the pulley:

show that this number is independent of the string's

length ; and that however great P is, x oscil-

lation at least will be performed in the time spe-

cified.

16. Two rods, the one 6, the other 8 feet high,

are placed on a given day perpendicularly to the

horizon, at the distance of 20 feet from each other.

During the forenoon the extremity of the shadow

of the first rod falls at the base of the second. In

the afternoon the extremity of the shadow of the

second falls at the base of the first. Required the

latitude of the place, and the azimuth of one rod

seen from the other.

17. If a body be projected from an apse with a

given velocity, the force acting perpendicularly to

a given plane, and varying in some inverse ratio of

the distance from it, investigate the fluxional equa-

tion to the curve which will be described, and apply

it to the case where the force is constant.

18. Supposing the sun to move uniformly on in

a right line with a given velocity, and the earth

revolving round him, to preserve always the same

distance, it is required to define the earth's path in

fixed space.
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19. A body describes the quadrant of a circle

touching a vertical line at its highest point, being

urged by a force perpendicular to the horizon.

Required the law of force which will make it recede

uniformly from the horizontal radius, and the time

elapsed and the velocity acquired at any point of

the descent.

20. If any number, a multiple of I l,and a num-
ber consisting of the same digits in an inverted

order, be each divided by 11, the sum of the digits

in the two quotients are equal. Required a proof.

21. If n be a prime number, the product of

1x2x3x4.... x(w--l) when increased by unity

is divisible by n.

22. If the coefficients of each term of the expand-

ed binomial (a—b)'' taken in order, be multiplied

by the terms of the progression 1'", 2"', 3'", &c.

taken in order, the result is equal to nothing, w and

VI being integers, and 7i greater than ?«. Required

proof.

23. Let a, /3, 7, &c. be the roots of the equation

x''-naaf'---\-?i}-^~J a'x''-'-kc. = -b; then

1.2.3 r

X na"^ (2r less than n.) Required a proof.

24. A body, whose weight is fV falls down the

length of an inclined plane, which has the power of
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moving freely along an horizontal plane, on which it

stands. Given the weight of the prismatic figure

composing the plane, it is required to find the path

of the body fV, the time of describing it, and the

last acquired velocity of the moveable plane along

the horizontal plane.
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1814.

Monday Morning —Mr. Bland.

Monday, January 17, 1814.

first and second classes.

1. 1 HE time of a body's falling through half

radius by the uniform action of the centripetal force

in the circumference of a circle is to the periodic

time as radius is to the circumference of the circle.

Required a proof.

2. Prove, without resolving the equation into

factors, that if two numbers, a and h, when sub-

stituted for the unknown quantity in the equation

a:"—/?j;"~'H-^:r''-* — &c. =0, give results affected

with contrary signs, there is at least one root between

a and h.

3. If a line intercepted between the extremity of

the base of an isosceles triangle, and the opposite

side (produced if necessary) be equal to a side of

the triangle, the angle formed by this line and the

base produced is equal to three times either of the

equal angles of the triangle.

4. Given the greatest range of a projectile upon

an horizontal plane; determineat what distance from
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thepoint of projection an object, whose perpendicular

height is (rZ), must be situated, so that the projectile

may just strike the top of it.

5. From the vertex of a paraboloid of given di-

mensions, a part equal to one-fourth of the whole

is cut oft^ by a plane parallel to the base; and the

frustum being then placed in a fluid with its smaller

end downwards, sinks till the surface of the fluid

bisects the axis which is vertical. It is required

to determine the specific gravity of the paraboloid,

that of the fluid in which it is immersed and the

density of the atmosphere being given.

dz
6. Given the fluent of —-— rr- = A,

z .{a -\- cz^y

dz
to find the fluent of

zK{a + czy*

and find the algebraical relation of x to 3/, in the

equation 3/'^ = 3yxx — x^y.

7. Find the sum of the series

p+p+-.+ -.+ &c.mmf.

10.18 , 12.21 I A. '24

^""^
2. 4. 9. 12"^4. 6.12. 15+6. 8. 15. 18

"^ ^'''

to n terms.

8. Require the nature of the curve such, that if

any point P in it be taken, and an ordinate PN
and normal PG be drawn to the axis; then if the

triangle PNG be placed in such a position that

the sub-normal NG may become the ordinate, PG
will be the normal.

hi.
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9. To spectators situated witlun the tropics, the

sun's azimuth will admit of a maximum twice every-

day, from the time of his leaving the solstice till liis

declination becomes equal to the latitude of the

place. Required a proof.

10. If parallel rays fall upon a single thin lens of

given substance ; determine the diameter of the

least circle into which all the rays ofdifferent colours

are collected, the linear aperture of the lens being

known.

11. Compare the magnitude of that part of the

disturbing force of the sun on the moon, which acts

perpendicularly to the plane of the moon's orbit,

with the moon's gravity to the earth.

12. The velocities of two bodies A and B are in

a given ratio, and they begin to move at the same

time from A and B, the extremities of a given line

AB; A moving uniformly in a direction inclined at

a given angle to AB, and B uniformly in the di-

rection BA. Determine the nature of the curve,

to which the line joining the bodies is always a

tangent.

13. The moon's nodes complete a revolution in

about 19 years. Determine the periodic time of the

nodes of the third satellite of Jupiter, which revolves

in about seven days, Jupiter's period being about

12 years.

14. If («) be the number of chances for the hap-

pening of an event^ and {h) the number for its



1814.] CAMBRIDGE PROBLEMS. 267

failure in each single trial ; find the probability of

its happenings? times and failing q times in (p+ q)

trials; and determine how many trials arc necessary

to make it an even chance whether the event will

happen or not.

Monday Afternoon.— Mr. Bland.

FIFTH AND SIXTH CLASSES.

9.0240160
1. Extract the square root of

25.3009

2. Prove the rule for completing the square in a

quadratic equation.

3. Find the sum of the series

- 9 - 7 - 4 — &c. to 20 terms,

2 4 „
and 1 + - + h&c. to 10 terms,3^9

and 1 .2 + 2.3 +3.44-&C. to n terms.

4. If three quantities are in an increasing arith-

metical progression ; shew that the second will

have to the first a greater ratio than the third to the

second. ^

5. The weights of two perfectly elastic balls are

11 and 8_, and their velocities in opposite directions

are 12 and 7- Required their velocities after im-

pact.

6. Let the height of an inclined plane be {a) feet,

and its length (c) feet. Find the time of a body's

descending down {a) feet of the plane.



268 CAMBRIDGE PROBLEMS. [1814.

7. Two fluids, whose magnitudes and specific

gravities are given, being mixed together; the

magnitude of the mixture : sum of the magnitudes

of the ingredients :: n : 1. Determine the specific

gravity of the mixture.

8. Compare the time in which any prismatic

vessel is emptied by an orifice in the lower surface,

with the time of a heavy body's falling through a

space equal to twice the depth of the orifice.

9. Divide a right line into two parts, such, that

their rectangle may be equal to a given square; and

determine the greatest square that the rectangle can

equal.

10. Find the fluxions of

(a + cz^Y' X zp, and ofj?. ^.;
'^^

J. ;

and find the fluents of

x^{x^-a')' I'n
and a?^iv'(a^+:r').

1 1

.

Construct Newton's Telescope, and find its

magnifying power.

12. Explain the reason why the order of the

colours is inverted in the secondary rainbow.

13. Given the sun's altitude at six o'clock, and

also when due cast; find the latitude of the place.

14. If from a quantity which varies as -^, any
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quantity be subtracted which varies as A, the re-

mainder will vary in a higher inverse ratio than the

inverse square of A ; but if to a quantity varying as

-^ another be added which varies as A, the sum will

vary in a lower inverse ratio than the inverse square

of A. Required proof.

15. Find the law of the force tending to the

centre of the logarithmic spiral.

16. Prove that when the force acts ia parallel

lines, the velocity in the direction perpendicular to

the direction in which the force acts, is constant.

17. If the altitude of a cylinder be equal to the

diameter of its base, the whole surface is six times

the area of the base.

18. If a"*-^ i"' be constant, and {mx + n)
.
{nz-\-m)

be a maximum ;
prove that «'^+" = ^"- + "*.

Monday Afternoon.—Mr. Macfarlan.

THIRD AND FOURTH CLASSES.

1. Required the perpendicular from the vertex

upon the base of a triangular pyramid,, all the sides

of which are equilateral triangles of a given area.

2. Given the difference of the times of setting of

two stars whose declinations are known; find the

latitude of the place.

3. Find the center of oscillation of a conical

surface suspended by the vertex ; and find the ratio
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between the radius of the base and the axis, when
the center of oscillation is in the base.

4. The length of a pendulum oscillating seconds

on the earth's surface being given; find the length

of a pendulum oscillating seconds at the distance of

the earth's radius from the surface. Then deter-

mine a point below the surface where the last

pendulum will vibrate in the same time.

5. Two roots of the equation a;'^-{-x^— lLi''4-9a;

+ 18= are of the form +a, —a. Find all the

roots.

6. When the force varies as that power of the

distance whose index is {n— 1). Shew that the

velocity of a body falling from rest varies as

\J , where P is the greatest and A the

variable distance. And find the value of this ex-

pression, when the force varies inversely as the

distance.

7. If from the extremity of the diameter of a

circle tangents be drawn and produced to intersect

a tangent to any point in the circumference, the

right lines joining the points of intersection and the

center of the circle shall form a right angle.

8. Sum the series

1 7-. + &c. to n terms,
1.3 2.4 3.5 4.6 '
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9. Find the fluents of

and
sin. s X COS. 2$

' V{A + Bx—Cx')'

10. Find the attraction of a sphere on a particle

of matter placed at any distance from the center,

the force of each particle varying inversely as the

cube of the distance.

11. Find the equation to the curve, the length of

whose tangent between any point and the axis is a

constant quantity.

12. The equation to a curve is y^ - ajcy-^sc^ = 0.

Find the value of the ordinate when a maximum,

and the corresponding value of the abscissa ; and

show that the above is a maximum and not a mini-

mum.

13. A paraboloid placed with its vertex down-

wards being full of water, is supplied at a given

rate. There is a small hole in the vertex, which,

when the vessel is full, would discharge ?z times the

quantity supplied. Required the altitude at which

the surface remains stationary, and the time elapsed

before this takes place.

Monday Evening.—Mr. Macfarlan.

1. A body placed in the center of gravity of a

triangle is acted upon by three forces represented in

quantity and direction by the lines joining the center

of gravity with the three angles. Show that the

body will remain at rest.
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2. Tlie sides of a spherical triangle ABC are

each a quadrant. D and E (any two points on the

surface of the spliere) are joined by the arc of a

great circle. Show that the cosine of DE is equal

to the COS. AD X cos. AE + cos. BDx cos. BE+
COS. CD X cos. CE,

3. If the sum of the odd digits in a number be

\lm + e and of the even lln + e, this number being

divided successively by 11 and by 9, leaves the same

remainder as m+ n + e when divided by 9.

4. In a dial for a given latitude, the plate of

which ought to have been horizontal, the interval

between ten and noon is less by two minutes^ than

the interval between noon and two o'clock. The
line between north and south was found to be

horizontal. Required the dip of the plate towards

the east.

5. A sphere filled with water empties itself

through a small hole in the bottom ; find where the

velocity of the surface of the descending fluid is a
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minimum, and where it is equal to the velocity

when the sphere is half full.

6. The mean apparent diameter of the sun and

moon's horizontal parallax being given, together

with the length of a year and a month, find the

density of the sun compared with the density of

the earth ; also shew how Newton finds the density

of the moon.

7. From Newton's construction for the solid of

least resistance, shew that in the section through the

axis, the curve must make with the end an angle of

1350.

8. If the quiescent orbit be a circle (the center of

force in the circumference) and the angular velocity

in the moveable orbit is double that in the quiescent;

Find the law of force in the orbit in fixed space,

and investigate the ratio between the perpendicular

and distance.

9. A wooden ball connected by a small wire with

a ball of lead of the same diameter isdropt into the

sea, and upon their striking the bottom, the wooden

ball is disengaged and rises to the surface ; the whole

time elapsed, and the specific gravities and dia-

meters of the balls being given ; find the depth of

the sea.

10. In any conic section, if tangents be drawn

at the extremities of any diameter, and be produced

to meet a tangent to any other point in the curve

;

prove that the rectangle under the segments of the

M M
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first tangents will be equal to the square ofthe semi-

conjugate diameter.

11. n" —n{n—2)"-{-n. ^^^.{n-4y~n.-^^ .

—-— . (w — 6)" &c. continued to -' or terms, is

3 ^
'^

2 2

equal to Ix2xv3x wx 2""'. The demon-

stration is required.

12. A given number (w) of similar balls being

put into an urn ; required the chance of drawing

an odd, to the chance of drawing an even number

;

any number, from 1 to w inclusive, being equally

likely to be drawn.

13. Find the equation and construct the curve of

which this is the property : if from a fixed point in

the axis a perpendicular be drawn to it, and pro-

duced to meet a tangent to any point in the curve,

the length of this perpendicular and tangent together

shall be double the length of the curve between the

vertex and the point from which the tangent was

drawn.

In the figure annexed, BT+TP:=2AP.

T

Does the curve admit of an asymptote ?
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14. In a medium resisting as the square of the

velocity, show that a perfectly elastic body falling

from an infinite height will at each rebound rise

through spaces proportional to the logarithms of the

^ . 2 3 4 n-\-l
tractions -, -, - .

1 2' 3 n

15. Sum the series

1 1 1 1 o , . -
~;

;, + —o - -T + &c. ad mt.
1* 2' 3^ 4'

and 1^-1-3^ + 53+ 7" to n terms, by increments.

16. Given the fluent of (e+/^)"' x afXf

find the fluents of {e-\-fx'')'^ x xP+^x,

and of (e+/yO'"^* x xPx;

ay+ y'^

also find the fluent of '— x y.

17. Solve the following fluxional equations,

x'^y-\-2xyy=- b^x—y'^y

cx'^x-\-yx— ay.

18. Show that the log. (1 +w.cos. s) is equal to

, 2B 2B' 2B^ .
2B*

A A cos. z-\ COS. 2z + —-—cos. 3z -\ —

-

12 3 4

X COS. 4 z &c. where A is the log. of 2 B, and

n

19. In a medium resisting as the square of the

velocity, find the nature of the curve to be described

by a heavy body urged by the force of gravity,

so that the times of descent through different arcs
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to the same fixed point shall vary as the velocity

acquired.

20. Four persons (A, B, C, D) to whom the cards

of a common pack are dealt in order, one by one,

stake each ^1 . with the condition, that he to whom
the first knave is dealt, shall be the winner. What
is the value of Ah expectation?

21. Find the curve by the revolution of which

round an axis the solid will be formed, which shall

attract a particle placed at its vertex with the great-

est possible force, the force of each particle varying

inversely as the square of the distance.

22. A cylindrical vessel full of water is balanced

by a weight P over a fixed pulley. A hole of given

dimensions being made in the bottom, it is required

to find how far P will descend during the time

of emptying.

23. Prove that the sum of the reciprocals of the

prime numbers is an infinitely great number, though

infinitely less than the sum of the reciprocals of the

natural numbers.

Tuesday Morning.—Mr. Macfarlan.

FIRST AND SECOND CLASSES.

1 , A person borrowed P £. at interest. To dis-

charge this he invested £2. at the end of the first

year, £4. at the end of the second, and 8£. at the
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end of the third, and so on. How many years will

elapse before this fund be large enough to discharge

the debtj—compound interest being allowed on both

sides at a given rate ?

2. Required the length of a spherical shell of

iron, which, when filled with a fluid, shall just float

in water; the specific gravities of iron, of water,

and of the fluid, being given.

3. Compare the length of a degree of latitude at

any place on the earth's surface, with the length of

a degree of longitude at the equator.

4. The inclination of a small tube in the side of

a vessel of water being given, and its height above

the horizontal plane ; it is required, from observing

the point of the plane struck by the stream, to

assign the altitude of the water within the vessel

;

and to describe the whole track of the issuing

fluid.

5. If round any point within the circumference

of a circle (not being the center) equal adjoining

angles be described ; ofthe circumferences on which

they stand, that which is nearer the diameter pass-

ing through the point is less than the more remote.

6. In a combination of two wheels and axles, the

circumference of each wheel is n inches ; of each

axle, 1. A weight, P, is applied to the circum-

ference of one of the wheels as a power to raise

matter to a certain height. How much must be

raised each time, that the whole quantity may be

raised in the least time possible ?
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7. Of all cones containing a given quantity of

matter, to find that which attracts a particle placed

at its vertex with the greatest possible force.

8. Show that when a quantity is a maximum or

a minimum, the first fluxion vanishes; and that the

quantity is a maximum or a minimum, accordingly

as the second fluxion is negative or positive.

9. An imperfectly elastic ball is projected with a

given velocity against an hard horizontal plane,

and being reflected, just reaches the point of pro-

jection in t" . Required the distance of the plane,

from the point of projection, and the elasticity of

the body.

10. A cylindrical tube of given length, closed at

one end, being let down in a vertical position into

the sea, it was observed what part of the tube the

water occupied. It is hence required to assign the

depth, 33 feet ofsea water being assumed to measure

the weight of the atmosphere. How must this tube

be graduated to be used as a gage to measure depths

in the sea ?

11. Find the length of a common parabola, and

deduce Cotes's construction.

az bt
€ —6

12. \i X = , where a and h are roots of
2a

the equation, i;*-f 1=0 :

Show that i =
s/ 1-^^)
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13. Sum the series

l'+ 32+ 7^-f 15^ &c. to I? terms,

and — X-+-— X
-, + -— X

-3 + &C. ad inf.

2.3 2 3.4 2^ 4.5 2^

Tuesday Afternoon.—Mr. Macfarlan.

FIFTH AND SIXTH CLASSES.

1. Find the value of £. 12341414141 &c.

2. The amount of£500. in 4 of a year was £520.

Required the rate per cent.

3. Find the circumference of a circle whose

radius is unity.

4. Sum the following series,

Q
(1.) 2+ 3 +^+ &c. to 20 terms,

("2.) 1 1 h &c. to n terms,
^ ' 1.3 2.4 3.5

'

and h h &c. ad inf. by increments.
1.2.3 3.4.5

^ ^

5. Solve the following equation whose roots are

in arithmetic progression;

x^ - 9a:^ +23J?— l6 = 0.

6. Find the fluents of

and the fluxion of
>/(^*-«')"
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7. The arc of a circle which a body, acted upon

by a centri})ctal force, uniformly describes in any

given time is a mean proportional between the dia-

meter of the circle, and the space described by a

heavy body from rest in the same time when urged

by the force in the circumference continued

uniform.

8. Show that the logarithm of (l + u) is equal to

M* u^ u* u^ -

u +— - — +— - &c.
2 3 4 5

9. Given the radii of the surfaces of a double

convex lens and the ratio of the sines of incidence

and refraction. Find the focal length.

10. Find the latitude of the place at which the

sun sets at three o'clock on the shortest day.

1 1

.

When the force varies as the distance, the

periodic time in all ellipses round the same center

are equal.

12. A body (A) weighs 12lbs. in vacuo, and

9lbs. in water; another body {B) weighs lOlbs. in

vacuo, and 8lbs. in water. Compare their specific

gravities.

13. If the number of mean proportionals inter-

posed between two elastic bodies A and X be

increased without limit, the velocity of A will be

to the velocity communicated to X by means of

the intermediate bodies :: ^X : »yA.
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14. The apparent diameter and declination of tlie

sun being given, find the time of his transit over

the meridian.

15. The plane of a circle being vertical, and any

number of chords being drawn to the lower extre-

mity of the vertical diameter ; find the locus of

any number of heavy bodies falling together from

the upper extremities of the diameter and the

chords at any given instant of time.

16. If any number of projectiles be thrown at

the same instant from the same point and with

equal velocities, but in several directions in the

same vertical plane, they will at the expiration of

any time all be found in the circumference of some

circle.

Tuesday Afternoon.—Mr . Bland.

THIRD AND FOURTH CLASSES.

1. Shew from the principles of the fifth book of

Euclid, that a ratio of greater inequality is dimi-

nished, and of less inequality increased, by adding

a quantity to both its terms.

2. The time of day at a given place determined

from observations of the sun's altitude is 9**. 10', 45";

and a chronometer set to Greenwich time shews

&". 3'. 10". Required the longitude of the place of

^observation from Greenwich.

N N
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S. In any harmonic progression, the product of

the two first terms is to the product of any two

adjacent terms as the difference between the two

first is to the difference between the two others.

Required a proof.

4. An object is placed between two plane reflect-

ors, which are inclined to each other at an angle of

6o°. Determine the whole number of images

formed by the reflectors.

5. If the greatest possible rectangle be inscribed

in the quadrant of a given ellipse, shew that the

elliptic areas cut off by the sides of the rectangle

are equal.

6. Prove that an equation of an odd number of

dimensions, and an equation of an even number if

its first and last terms be of different signs, must

have at least one real root.

7. Find the sum of the series

1.2.4 + 2.3.5 +3.4.6 + &c. to n terms.

- + -4-- + ^ + &c. to n terms.
3 2 4 8

and 1 .2 + 2.3a? + 3 .4.^' + &c. in inf.

8. If the force vary inversely as the square of the

distance, and a body be projected at a given angle

with a velocity which is to the velocity in a circle at

the same distance, as ^2 : 1. Determine the na-

ture of the orbit described.

9. Prove that the surface of any segment of a
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sphere cut off by two parallel planes is to the whole

surface of the sphere as the intercepted portion of

the diameter is to the whole diameter.

(x ^ 1
") X

10. Find the fluent of V-^^—^ ; construct the

fluent of-— , where a is less than unity;
x^—2ax-\- 1' ^

and shew that the fluent of—7-7-r—7—^ =—7= X

circular arc whose sine is ——— and radius = 1.
a

11. A paraboloid whose vertex is downwards is

filled with water to a given altitude. Having given

the diameter of the upper surface, find what ought

to be the diameter of the hole at the bottom, so

that the upper surface may descend through a given

space in a given time.

12. If the force varies as the distance, and two

bodies fall towards two diflferent centres of force

;

compare their velocities at any points of their

descent.

13. Two elastic balls, beginning to descend from

different points in the same vertical line, impinge on

a perfectly hard plane inclined at an angle of 45'',

and move along a horizontal plane with the veloci-

ties acquired. Shew that if a circle be described,

passing through the two points from which the

balls began their motion, and touching the horizon-

tal planCj the point of contact will bisect the dis-
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tance between the vertical line and the point where
they impinge on each other.

14. Given, that the distance of the centre of

gravity of an area from its vertex is an (w"') part of

the abscissa; find the distance of the centre of

gravity of the solid formed by the revolution of this

area round its axis.

15. Determine the proportion between the radius

of the globe and wheel, when the length of the

cycloid within the globe (Sect. 10.) is a maximum.

16. Ifcentripetal forces tend to the several points

of spheres, proportional to the distances of those

points from the attracted bodies, the compounded

force with which two spheres will attract each other

mutually is as the distance between the centres of

the spheres.

Tuesday Evening.—Mr. Bland.

1. The sum ofw arithmetic means between 1 and

19 is to the sum of the first 7i-2 of them :: 5 : 3.

Find the means.

2. Two equal weights are connected by a string

passing over a fixed pulley. Supposing a weight to

be added on one side, and the length and weight of

the string, and the difference of the altitudes of the

weights at the commencement of the motion to be

given; determine in what part of the descent, the
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velocity will be neither increased nor diminished by

the string's weight.

S. If the abscissa of a curve bear a finite ratio to

the ordinate, prove that the abscissa will cut the

curve in a finite angle.

4. The place of the node and the inclination of

the moon's orbit to the plane of the ecliptic being

given ; find the place of the moon when her decli-

nation is the greatest possible.

5. Find the value of

a-^/{ax)

and find the fluxion of

the hyp. log. —^ ^

—

^. f

.

\/{a + x)^iy{a-x)

6. If, in a circle a straight line be drawn cutting

the diameter at any angle ( //) ; prove that the dif-

ference of the segments of the diameter will be to

the difference of the segments of the line as the

diameter is to the chord of an arc, which measures

twice the complement of A.

7. If, from the extremity of the major axis of an

ellipse which is perpendicular to the horizon, chords

be drawn making with it angles of 7^*^ and 45'*,

and from the points where the chords meet the

curve, ordinates be drawn to the axis ; the square

of the time down the first chord will be twice the

square of the time down the second in the sub-
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duplicate ratio of the rectangles under the segments

of the axis made by the ordinates.

8. If a square be inscribed in a circle and another

circumscribed about both : compare the pressures

upon the circle and the squares when immersed

vertically in a fluid ; the angular point of the circum-

scribing square coinciding with the surface of the

fluid.

9. A hollow cone, whose vertical angle is 6o'\

is tilled with water, and placed with its base down-

wards. It is required to determine the place where

a small orifice must be made in its side, so that the

issuing fluid may strike the horizontal plane in a

point, the distance of which from the bottom of the

vessel is to the distance of the orifice from the top

as 5 : 4.

10. The distance of the center of gravity of the

surface of a solid from the vertex is equal to half the

abscissa; determine the nature of the curve by the

revolution of which round its axis the surface was

generated.

11. If two equal parabolas be placed in such a

manner that they may touch each other at the

vertices, and one be made to roll upon the other,

its focus will describe a right line ; and the vertex

cissoid, the diameter of whose generating circle is

equal to half the latus rectum of the parabola.

12. If a body revolve in an orbit round a center
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of force, and at the same time the orbit revolve

round the same center in such a manner that the

angular velocity of the body in the orbit if fixed,

may be to its angular velocity when revolving, in the

ratio of F : G; find the centripetal force necessary

to retain the body in a revolving orbit, the force in

the fixed orbit varying as the w'^ power of the dis-

tance. And apply this to the cases of an ellipse

when the center of force is in the focus, and when

in the center.

13. Let a, /3, 7, &c. be the roots of the equation

x'^ — px^~' + qx""^- &c. =0, {?n) of which are

possible ; shew that if the equation be transformed

into one whose roots are (a — /3)^, (a — yY, (^-7)^
&c. the last term of the transformed equation will

m- 1 .

be positive or negative accordmg as m.—-— is an

even or an odd number.

14. Find the fluents of 7—;—^ , where e = the

base of hyp. logs ;

di/"j^ ^
{ar^ + fey) . V(»'^ —y) ' sin.^'a; x cos.^o;

'

and —^ ,.

15. Find the relation of ^ to 3/ in the equations,
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and determine the nature of the eurve, in which

•/ • - — 'L yn : 1 , .r and ?/ being the abscissa
X 1/ y X.

^ J ^

and ordinate.

16. Find the sum of the series,

5 7 9 . 11 c

1.2.3 2.3.4 3.4.5 4.5.6

to n terms by increments ;

2 3 4 5
, p • • r— + -— - 4- &c. in inf.

3.5 5.7 7.9 9.11

tang. A tang. 2 A ,
tang. ?> A _ . • r—^ ^^^ \ &c. in inf.

1 2 3

and having given the sum of the series

p + ^ + ^ + ^c. in inf.,

find the sum of

1 1
.

1
c • . f+ „o , , + &c. in int.

1.2. 3 2'. 3. 4 3^4.5

17. The reflecting curve is a semicircle, and the

radiating point is in the circumference; determine

the nature of the caustic^ its length, and the den-

sity at different points.

18. The latitudes of two places on the earth's

surface are complements to each other, and on a

given day the sun rises {n) hours sooner at one

place than at the other ; determine the latitude of

each place.

19. If a system of bodies be connected together

and supported at any point which is not the center



1814.] CAMBRIDGE PROBLEMS. 289

of gravity, and then left to descend by that part of

their weight which is not supported ; 4 / mul-

tiplied into the sum of all the products of each

body into the space it has perpendicularly descended

will be equal to the sum of all the products of each

body into the square of its velocity j / being =i6Vt
feet.

20. A ring of given v^^eight descends by its gra-

vity down the arc of any algebraic curve ; and the

curve revolves uniformly about its axis which is

perpendicular to the horizon in t" . Determine the

velocity of the ring at any point of its descent.

21. If the force of gravity be uniform, and act

perpendicularly to the horizon, determine the path

of a projectile in a medium, the resistance of which

is proportional to the velocity of the body.

22. Having given the relation between the cen-

trifugal force and the force of gravity at the earth's

equator ; determine the relation between the cen-

trifugal force and the force of gravity at the equator

of Jupiter i the densities and times of revolution

round their axes being known.

23. Shew that the mean motion of the nodes of

the lunar orbit is not affected by the excentricity of

the orbit; and that the true motion of the nodes in

an elliptic orbit is equal to the motion of the nodes

in a circular orbit when the radius vector is a

mean proportional between the semi -axes major and

minor.

Oo
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24. If an liyperboloid and a cone be generated by

the revolution of an hyperbola and its asymptotes;

and the cone being excavated and placed with its

axis vertical, water be poured into it till the surface

touches the vertex of the hyperboloid ; shew that

whatever be the inclination of the axis, the surface

of the water will always be a tangent plane to the

hyperboloid.



1815.] CAMBRIDGE PROBLEMS. 291

1815.

Morning Problems.—Mr. Hustler.

Monday, January lb', 1815.

FIRST ANT SECOND CLASSES.

1. If y^ be any arc whatever, prove that cosec.

A 4- cosec. 2A + cosec. 4A-{-k,c. to n terms

= cot. cot. 2"-^ J.
2

2. Shew that the sun's rising is least accelerated

by refraction at the time of the equinoxes.

3. If an hyperbola and its asymptotes revolve

about the axis major, prove that all the sections of

the cone made by planes touching the hyperboloid

have the same axis minor, which is the axis mirtor

of the hyperbola.

4. Near the solstice the variations of the sun's

declination are as the squares of the variations in

longitude nearly.

5. Find from Taylor's Theorem the arc in terms

of its cosine.
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6. Having given the refracting powers of two
mediums, find the ratio of the focal lengths of a

convex and concave lens formed of these substances,

which, when united, produce images nearly free

from colour.

7. If / = tangent of half the angle ASP (New-
ton, Sect. 6.) to r = 1, shew that the parabolic area

ASP^a'l- -\- 1\, where a is the focal distance of

the vertex.

8. If a caustic be formed by a reflecting curve,

shew that the reflected ray is always a tangent to

the caustic.

9. In any recurring series a + hx -\-cx^ -f- &c.

whose scale of relation is f-\-g-\-h'\-&iC., if any row

of the differences of a, b, c &c. = O, prove that

/+ ^ + A + &c. = l.

^ 10. If a cylinder be cut by two parallel planes

intercepting a given part of the axis, shew that the

solidity between the planes is the same whatever

be the inclination of the planes to the axis.

11. Find the fluent of

-jy-j 5T-, and of jc^x ^{a^+x"^),
xr^{a —x^) ^

12. Having given the latitude of the place and

the moon's declination, determine the height of the

superior and inferior tide ; and compare the height
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of the tide at the equator and the pole of the earth,

when the moon's declination is 30°.

13. If the moon's orbit be considered circular,

and the position of the nodes be given, shew that,

when the horary motion of the nodes is a maxi-

mum, the moon's distance from quadratures equals

half the node's distance.

14. A semicubal parabola moves in its own plane,

with its axis always coinciding with the same line.

Determine the nature of a curve which, beginning

at the vertex of the parabola in its first position, is

perpendicular to it in all positions.

Monday Afternoon.—Mr. Hustler.

FIFTH AND SIXTH CLASSES.

1. If four quantities be in geometric progression,

the sum of the two extremes is greater than the

sum of the two means.

2. From the equation a"*^= *~a'"^-', find the

value of X.

3. If the interior angle BAC and the exterior

angle DAC of any triangle ABC be bisected by

lines AE, AF, which also cut BC in E, F, shew

that BF, BC, BE are in harmonic progression.

4. Required the number of guineas with which
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four |>ersons A, B, C, D respectively begin to play,

if after A has won half of fis, B a third of C's, and
C a fourth of D's, each has twelve guineas.

5. What power acting parallel to the length of

an inclined plane whose elevation is 30", will draw

a given weight Q, 40 feet up the inclined plane

in b" ?

6. The latus rectum of an ellipse, being pro-

duced both ways to meet the circle described on

the axis major, = axis minor.

7. Given the cot. A and cot. J5, find cot. {A ± B)
radius being = 1 ; and adapt the expression to

radius r.

8. Form the biquadratic equation, two of whose

roots are 1 +^(«^) and - >J{~h).

9. How far must a body fall internally towards

the focus of an hyperbola to acquire the velocity in

the curve ?

10. The sun's altitude at any time being 30*^,

find the position of a stick of given length so that

the shadow may be the longest possible : and find

the length of the shadow at that time.

11. Find the solid traced out by a curve whose

equation is y"^ = .

iJL ^" X

12. If a billiard-table be in the form of an ellipse,

and a perfectly elastic ball be struck from either
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focus in any direction, it will return after two re-

flections from the curve to the same point.

13. An object at the bottom of a vessel appears

to change its place when water is poured into the

vessel. Explain this circumstance.

14. Given the specific gravities of wood and

water :: 2 : 3, to what depth would a given parabo-

loid of wood sink when immersed with its vertex

downwards ?

15. Find the fluxions of

a + x

a' + x''
of X. {d-+x'^). ^{a" —x-)y

and of the secant of x ; also the fluents of

iV(a* — .r*) , „ bx
^^ -, and Ot -. :rr .

X y/{l-ax)

16. At a given place, and on a given day, find

the point of the horizon where the sun rises.

17. Shew, according to Newton's second section,

that if a parabola be described by a force tending

parallel to the axis to a point indefinitely distant,

the force must be constant.

Monday Afternoon.—Mr. Bland.

THIRD AND FOURTH CLASSES.

i. Extract the square root of aft- rf^ + 4c' +

2s/{Aahc'-ahd^).
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2. The sum of an even number of terms of any

aritlitnetic progression, whose common difference is

equal to the least term, will be four times the sum

of half that number of terms diminished by half

the last term.

3. The greatest and least corrected zenith dis-

tances of a circumpolar star being 3 S''. 19'. 43", and

34^ 53'. 4g"; determine the latitude of the place of

observation.

4. Two forces acting upon a body in the same or

in opposite directions^, will cause it to move with a

velocity equal to the sum or difference of the velo-

cities which it would have received from the forces

separately. Required a proof

5. If bodies fall towards different centres of force,

from different altitudes, compare the times of de-

scending through any space; Foe ,

6. The length of the subtangent to the cissoid

being equal to one fourth of the diameter of the

generating circle ; determine the point in the curve

from which the tangent is drawn.

?. Transform the equation ar^ ~pa;^-\-qx— 7' =
into one whose roots shall be mean proportionals

between the roots of the equation, and a given

quantity (m).

8. One side of a cubical vessel of water of given

dimensions being loose; find the position, magni-
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tude, and direction, of a single force which shall

keep it at rest.

9. Find the time in which a vessel formed by the

revolution of a given logarithmic curve round its

asymptote, will empty itself through a given orifice

in the bottom ; the length of the axis and extreme

ordinate being known.

10. If the force of gravity oc from the
° "^ (dist.)'

centre ; find, according to Newton's method, the

absolute velocity in feet, and absolute time in

seconds, of descending through any space towards

the centre.

1 J . Find the fluents of

zz\/ , ^na - Aa^-\-zy ;^ a — z z ^

and shew that the fluent of

V. 1

X circular arc,
{\-a%^).^{\^z^) ^(1-a)

/ 1 — 2^
whose radius = 1, and cosine =\/ r .

12. The focal length of a double convex lens,

whose thickness is inconsiderable, and whose sur-

faces have the same curvature, is equal* to the

diameter of one of the surfaces. Determine the

ratio of the sines of incidence and refraction.

13. The areas of unequal ellipses are in a ratio

compounded of the subduplicate ratio of their para-

P p
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meters and the sesquiplicate ratio of their principal

axes. Required a proof.

14. If a body be acted upon by two forces which

vary according to different laws of its distance from

the centre, as the p^ and q^^ powers ; determine the

angle described, while it passes from one apse to the

other; the orbit described being nearly circular, and

the forces at the apse being as 1 : w.

15. Let a plane isosceles triangle vibrate edge-

ways, suspended by its vertex. At what distance

from its vertex must it strike an immoveable obsta-

cle, so that its motion in the plane of vibration may
be destroyed }

16. If two similar mediums are separated from

each other by a space terminated on each side by

parallel planes ; and a body in its transit through

this space, is attracted or impelled perpendicularly

towards either medium, and is not agitated or hin-

dered by any other force; and the attraction is

every where the same at equal distances from either

plane, taken towards the same side of the plane;

prove that the velocity of the body before incidence

is to its velocity after emergence as the sine of

emergence to the sine of incidence.
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Monday Evening.—Mr. Bland.

1

.

If {a) and {h) be the two first terms of a de-

creasing geometric progression, the sum ofthe series

a^
in inf. is = . Required a proof.

2. If a tangent be drawn to any point of an

elHpse, and from the point of contact a straight line

be drawn to either focus ; this shall be parallel to the

straight line drawn from the centre to the intersec-

tion ofthe tangent and perpendicular from the other

focus.

3. The moon's longitude at noon at Greenwich,

January 1815, is

on the l6th. . . . O", l6', 48".

17th 12«, 46', 55".

18th 25", 35', 31".

19th.... 3 8°, 46', 4".

Find its longitude on the 17th, at six o'clock.

4. In a given latitude, determine the vertical

circle in which the difference of the altitudes of the

sun in any two given days shall be a maximum.

5. If a body revolve in a reciprocal spiral, the

force tending to the centre; prove that the times of

its moving through successive angles of 180", are in

the proportion of the numbers — , -—, , &c.^ ^ 1.2 2.3' 3.4
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6. Prove that every odd cube number is equal to

the sum of as many terms of a series, which have a

common difference unity, as its root contains units,

the middle term of the series being the square of

the root.

7. Find the value of

1 , a
,

ah
+ 7

, , , ^, +7 r-7 TT- : 4- &C.
x-\-a {x-^a).{x-\-b) {x + a).{x+ b).{x -vc)

to n terms ; and of

4 12 20 28— + Y &c. in int.
1.3 5.7 9.11 13.15

8. On the side of a vessel filled with fluid, let

any number of circles be so situated that the pres-

sures on them may be as the cubes of their diame-

ters; determine the ratio of their distances from the

surface of the fluid.

9. If water ascend and descend in the erect legs

of a cylindrical canal, alternately ; determine the

nature and dimensions of the curve described by the

centre of gravity of the water in the legs.

10. Two chains ofthe same uniform thickness and

density are suspended from two given points, and

attracted towards a centre of force, the law of the

force being any power or root of the distance. Shew

that the pressures on the points of suspension are

proportional to the squares of the velocities which

would be acquired by bodies falling towards the

centre from the points of suspension, down spaces

which are equal to the length of the chains.
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11. Trace the curve whose equation is x^-\-i/ —

2ax — x'
and find its area when b ~ a.

12. A perfectly elastic ball A falls from the upper

extremity of a given vertical line AB, and at the

same time another perfectly elastic ball B is pro-

jected upwards from a horizontal hard plane at the

bottom ; they meet in some point C, and are re-

flected back. Determine the point C, so that they

may ascend and descend from it continually ; and

find the velocity of B at that point.

13. Find the fluents of

e^(P+ Pi), of J— „1 ,
^, r nsr y and of

(l-i?'»).y(2a?'"-l)*

14. If the middle points of any two edges of a

triangular pyramid which do not meet, be joined
;

shew that the middle point of the connecting line is

the centre of gravity of the pyramid.

15. If parallel rays be incident on a spherical

surface of a plano-convex glass mirror, whose

thickness is a semi-diameter and a half of the

spherical surface, prove that they will, after having

been refracted at the convex and reflected at the

plane surface, converge to that point where the axis

intersects the convex surface.

16. Two plane reflectors being inclined to each

other at a given angle, determine the diameter of a
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circular arc, in wliicli a luminous object must move
between them, so that the ray, which has been

reflected by any given point of one of them, may
after reflection at the second plane, always intersect

the arc in the point in which the object is.

1*7. If the circle of curvature to the vertex of

a parabola be described, and another circle touch

that, and the arms of a parabola ; and so on con-

tinually J prove that the radii of the circles will be

in the proportion of the numbers, 1, 3, 5, 7^ 9j &c.

18. If the force vary according to any law of the

distance ; shew that in any orbit, at the point where

the centripetal and centrifugal forces are equal,

the velocity towards the centre of force is a maxi-

mum,

19. Determine the nature of the curve by the

revolution of which round its axis a solid will be

generated ; such that a corpuscle placed on its sur-

face will be attracted towards the centre of gravity

with a force varying as the distance ; the solid re-

volving round its axis in a given time.

20. Find the horary increment of the area, which

the moon, by a radius drawn to the earth, describes

in a circular orbit. (Newton, Book III. Prop. 26.)

21. The excentricity of P's orbit (Sect. XI.)

being small; find the variation of the major axis in

a whole revolution of P, if the force at P be aug-

mented or diminished by a small quantity in the

ratio of 1 : 1 + w.
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22. If the co-latitude of the place of observation

be equal to the moon's declination, or less than it,

there will be no inferior or no superior tide, accord-

ing as the latitude and moon's declination are of the

same or different denominations.

23. Let a spherical body descend from rest in a

fluid whose specific gravity is to that of the body as

1 : n. Determine the velocity of the sphere at any

point of its descent ; and shew that the greatest

velocity which it can acquire is equal to that which

would be acquired by it in descending from rest,

in vacuo, by the constant force of its compara-

tive gravity through a space which is to ^ of its

diameter :: n : 1.

24. A given cylindrical rod falls by gravity to-

wards a horizontal plane, whilst at the same time its

extremity moves freely along the plane. Determine

the pressure upon the plane in any position, and the

velocity of the moving point.

Tuesday Morning.—Mr. Blamd.

FIRST AND SECOND CLASSES.

1. If the terms of the series arising from the ex-

pansion of {a + hy be multiplied respectively by

the terms of the arithmetic series Ojc, l.r, 2x, '6Xy &c.

find the sum of the resulting series.

2. If a polygon has {n + 4) sides ;
prove that

the angles formed at the points of concourse of
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these sides produced are together equal to (2?i)

right angles.

3. If a body move in a curve round a centre of

force, and the force by which it is retained in the

curve vary in a less ratio than the inverse cube of

the distance, prove that the body cannot fall into

the centre.

4. Shew that in the spiral, where the angle

described by the radius vector SPocSP directly;

the number of revolutions which have been made

by it varies as the square root of the subtangent

to the point P.

5. Transform the equation 2x^ - 2x"+3 x-}-6=0

into one which shall have its signs alternately positive

and negative.

6. Two bodies J and B move in opposite di-

rections with velocities, the sum of which is given.

Shew that the sum of the products of each body

into the square of its velocity is a minimum, when

the velocities are reciprocally proportional to the

quantities of matter in the bodies.

7. If from one extremity of the diameter of a

circle, chords are drawn intersecting the radius

which is perpendicular to the diameter or that radius

produced, and from the points of intersection ordi-

nates be erected, always equal to the cosine of the

arc measured from the opposite extremity of the

diameter to the chord ; determine the nature of the

curve which is the locus of the ordinates.
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8. Find the fluent of ll^^_
, and of

xfxfxfx in infinitum; and find the relation

of the abscissa and ordinate of a curve, when
€= = e^ — e""^; e being the base of hyp. log.^ and z

and X the arc and abscissa respectively.

9. When parallel rays are incident upon a

spherical reflector, shew that the radius of the least

circle of aberration varies directly as the cube of the

semi-aperture, and inversely as the square of the

focal length of the reflector.

10. A particle P is attracted to a sphere by forces

oc — . If on the line joining P and the centre of

the sphere a semi-circle be described and made to

revolve ; it would cut out a portion of the sphere,

the attraction to which is equal to the attraction of

the remaining part.

11. Find the sum of the series cos. A -f | cos.

2 A -\- icos. 3 A + \ cos. 4 A -\- kc. and resolve

1+5 + 19-1-65 +211 + &c. whose scale of relation

isy*— ^, into two geometric series whose correspond-

ing terms added together will give the proposed

series.

12. Prove that the mean tides are equally af-

fected by the northerly and southerly declinations

of the moon.

13. The quadrant of a circle is impelled by a

Q Q
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stream in its own plane in the direction of the ex-

treme radius. Find the direction in which it will

begin to move.

14. Find the equation to the section of a solid

generated by the revolution of a given algebraical

curve about its axis.

Tuesday Afternoon —Mr. Bland.

FIFTH AND SIXTH CLASSES.

1

.

Prove that the opposite sides of an equilateral

and equiangular hexagon are parallel.

2. Determine the roots of the equation x* —

4^»y2' + 6r' .yj- 4a? >sy?+2 = 0; and find

the equation whose roots are i a + s/{ - ^ «')

;

3. If two equal forces, inclined at any angle, act

upon a body, prove that the compound force bisects

that angle.

4. Given the meridian altitudes of the upper and

lower limb of the sun 18°. 39'. 39", and IS^. f. 3".

Determine its diameter, and the altitude of its

centre.

5. Find the sum of the series,

6+2-2-6- &c. to 1 9 terms
;

8+20+50+125 to 15 terms;

1 1 1 o . .
A + \- &c. to n terms.

1.2 2.3 3.4
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6. If a body revolve in a circular orbit about the

earth at a distance from its surface equal to 20 radii

of the earth ; what is the measure of the subtense

of the arc described in 1"?

./ 7. If from the extremity of the diameter of a

circle a straight line be drawn touching the circle

and equal in length to the circumference, and a

triangle be formed by joining its extremity and the

centre. Prove, that if from any point in this line a

perpendicular be drawn to the base, the circum-

ference of the circle described with this as radius,

shall be equal to the part of the base intercepted

between the perpendicular and the acute angle.

1 3
8. The equation x'^ — x + -71=0 has two

equal roots. Find all the roots.

9. Prove that the periodic times of bodies re-

volving in different ellipses round different centres

of force in the foci are in the sesquiplicate ratio of

their major axes directly and the subduplicate ratio

of the forces inversely.

10. Construct Newton's telescope ; and find the

magnifying power, and greatest field of view.

11. Find the fluents of

X X

x's/{x'-a^y x^-2ax^+ x'

where a is less than unity : and the w*** fluxion of

12. Ifa body move in a conic section acted upon
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by a force tending to the focus S, shew that the

vefocity at the distance SP is to the velocity at any

other distance SQ, as a mean proportional between

HP and SQ is to a mean proportional between SP
nnd HQ, H being the other focus.

13. Determine the arc of a given circle, the

rectangle under whose sine and excess of sine above

the cosine is a maximum.

14. The radius of a circle whose area is equal to

the surface of a given cone is a mean proportional

between the side of the cone and the radius of its

base. Required a proof.

15. Compare the absolute forces in the centre and

circumference of a circle, so that the periodic times

may be the same.

16. An (?*"') part of a hollow paraboloid with its

vertex downwards is filled with a fluid of known

specific gravity ; and a sphere of given s^ize and

substance is immersed. Find how high the fluid

will rise.

Tuesday Afternoon.— Mr. Hustler.

THIRD AND FOURTH CL.\SSES.

1. If the two sides of a spherical triangle to-

'gether = 180°, the arc which bisects the vertical

angle, bisects the base also.

2. One root of the equation x'^ + x^ --\ix" — ib'jr—

8=0j is 1 — \/(5). Find the other roots
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3. Two bodies are projected towards each other in

the same vertical plane from two given points, so as

to describe the same parabola. Find the point where

they meet.

4. Given the right ascension and declination of

a star, and the latitude of the place ; determine the

day of the year when the star rises the same instant

with the sun.

5. In the parabola, the normal is the least line

which can be drawn from a given point in the axis

to the curve.

6. Required the fluxion of x x e*''""^ and the

following fluents,/i /" bjc^x Px \\. 1. X

Shew also that fx cosec. lx=.\ h. 1. tan. ^.

7. If the bases of a cylinder^ and of a cone,

have the same radius as a sphere, and each of their

altitudes = the diameter of the sphere, the solidity

of the cone = the excess of the cylinder above the

sphere.

8. A body revolving in an ellipse at the mean
distance, is projected perpendicularly to the dis-

tance with the velocity with which it is there

moving. Shew that it describes a circle, and in

the same periodic time in which it would have

described the ellipse.

9. The equation to a curve is y'" = «x'"~'+ a?'";
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draw its asymptote, and determine the angle which

it makes with the axis.

10. Compare the time of emptying a cone and

its circumscribing cylinder; the vertex of the cone

being downwards and coinciding with the orifice.

11. If an object be seen through a double convex

lens, determine the proportion in which it is mag^

nified, when the distances of the eye and object

from the center are each equal to half the focal

length.

12. Sum the following series,

1 ! to n terms and ad inf.
1.5 3.7 5.9

1.4+2.5+4.6 + &c. to w terms,

1 &,c. ad inf.
1.2 2.3 3.4

13. Suppose two bodies fall towards a center of

force, one acted upon by a force varying as the

distance, and the other by a constant force which

is half the variable force at the beginning of the

motion. Shew that the velocities acquired at the

center will be equal.

14. Give Cotes's construction of the elliptic spiral,

and shew in what cases it cuts itself.

15. In the ordinate PN of an ellipse, whose

center is C, a point Q, is taken so that CO, always

— PN. What is the curve which passes through

the points Q ?
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16. If a body describes an epicycloid, the force

tending to the center of the globe, required the law

of the force.

17. If/? and q be two weights applied at the cir-

cumferences of a wheel and axle, find the proportion

between the radii, so that the time of q ascending

through a given space may be a minimum, the in-

ertia of the wheel and axle being considered.

Tuesday Evening.—Mr. Hustler.

1. A pays P<£. to B, on condition that he receives

an annuity during the life of an individual, who,

according to the tables, may be expected to live n

years. What must be the annuity ?

2. In an unlimited problem, mx + ny=p; ii m
and n both measure p, m is the least integral value

oiy, and n of a?.

4. A cylinder of indefinite length is placed before

a convex reflector, and their axes coincide. Shew

that its image is a cone, whose vertex is the prin-

cipal focus of the reflector.

4. Determine the situation of a fixed star, so that

its right ascension may be unaffected by the preces-

sion of the equinoxes.

5. Investigate Taylor's Theorem, by the method

of differences.

6. A sphere of given radius is suspended in the

air. At a given place, day, and hour, determine
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the figure of its shadow on a horizontal plane ; and

shew that the length of the shadow varies as the

secant of the sun's zenith distance.

7. Shew that the variation of the radius of cur-

vature of any meridian of the earth, is as the square

of the sine of latitude.

. P
8. Prove that the value of a vanishing fraction -^

may be found by taking successively, if necessary,

the first, second, and third, &c. fluxions of the nu-

merator and the denominator; and investigate the

method of finding the value of such a fraction when
the indices are fractional.

9. TB, BC are the subtangent and ordinate of

a curve whose vertex is A, and the tangent of the

angle TCA is to the tangent of the angle ACB in a

given ratio. What is the nature of the curve ?

10. For any position of the line of the nodes,

construct for the inclination of the moon's orbit to

the plane of the ecliptic. (Newton, vol. III. Prop.

XXXV.)

11. ABCD is a section of a four-sided glass prism

perpendicular to its axis, having one angle i)=90^,

and the opposite angle B = 135°. Shew that a ray

of light entering the prism perpendicularly to AD^
and reflected by AB, BC, will pass through CD
without refraction, and thence explain the Camera
lucida.

12. A paraboloid has its axis parallel to the
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horizon, and a flexible chain is wound round its

greatest circular section ; find the length which will

be unwound after t" have elapsed, a given part

being unwound at the beginning.

13. Two equal distances CA. CB are drawn at

right angles to each other from a centre of force C.

In CA any point D is taken, and DE is drawn to

CB so that DE may equal CB or CA. Two per-

fectly elastic balls fall from A and B at the same

time, the force varying as the distance, and are

reflected at D and E by two planes inclined to

their motion at L 45^. Investigate their subse-

quent motions.

14. Find the fluents of

X. (l—x")
andof

15. Find the relation between x and «/, when

y y/{ai/) = x'^ ; and shew that

/• x'^^x _ r x^'^x

between the values of a: = 0, and ^= 1;

16. ACB is a quadrant, and one extremity D of

a line CD which equals its chord AB, moves along

the radius OB produced, while the other extremity

C moves in the periphery of the quadrant. Find the

equation and area of the curve described by a point

P in the middle of the line CD.
R R
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17 If m be any prime number, and .r any other

number prime to ?n. Then \v and x"' being severally

divided by vi, leave the same remainder.

18. Sum the series,

2 2^ 2^
1 -I 1 H H &c. ad inf.

2.3 ^ 3.3* ^ 4.3^

5 Q 13 „
, ^ ^ 1- T, H 7^ h &c. to n terms,
1.2.3.4 3.4.5.6 5.6.7.8

and ad inf. bv the method of increments.

19. A paraboloid floats in a fluid, the axis not

being perpendicular to the horizon. Determine the

position in which it rests; the specific gravities of

the paraboloid and the fluid being given.

20. CP, CD, are two semi-conjugate diameters

of an ellipse, whose center is C. EP, which is

perpendicular to CD, is produced to L making PL
equal to CD, and through K the middle point in

CL, MKPN is drawn so that KM and AW may
each equal CK. Shew that the semi-axes major and

minor equal PM and PN respectively, and deter-

mine their positions.

21. A person turning up three cards from a com-

mon pack, undertakes that the number of points

upon them shall be either 1^, 19, or 9, reckoning

1 1 or 1 for the ace, and 10 for each of the court

cards. What are the odds against him ?

22. If a body A be attracted towards two centres

of force S and T, and be projected in a direction

oblique to the plane STA, the solids generated by
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the motion of the triangle joining S, T, and the

body, shall be proportional to the times of de-

scription.

23. A and B are two ships at sea ; B moves in a

given straight line, and A endeavours to overtake B
by always moving towards it. Having given the

velocities of A and B, investigate the curve traced

out by A.
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Monday Morning —Mr. French-

Monday, January 15, 18l6.

FIRST AND SECOND CLASSES.

1. GriVEN the logarithms of 6 and 7? shew how

the logarithm of 17^7 i^^y be computed.

2. If the digits composing any number, be invert-

ed, the difference between the number, so formed,

and the original number, is divisible by nine.

3. In the oblique impact of an imperfectly elastic

body upon a plane, co-tan. incidence : co-tan. re-

flection :: force of compression : force of elasticity.

4. In Gregory's telescope, the aberrations, pro-

duced by the two reflections, are in the same di-

rection

5. At a given place, on a given day and hour,

the sun's azimuth is double that of a known star;

required the distance of the sun from the star.

6. An imperfectly elastic ball being projected

from P) a point in the periphery of a circle PQR,
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whose center is C, after impinging at Q and R re-

turns to P ; required the vahie of the angle CPQ.

7. Investigate an expression for the length of a

caustic by reflection^ and apply it, in the case of

parallel rays incident upon a concave spherical re-

flector.

8. In the common pump, given the height of the

fixed sucker above the surface of the reservoir, and

the space through which the piston descends ; re-

quired the altitude of the water in the tube after n

strokes of the piston

.

9. To determine the radius of curvature in the

curve, whose ordinate is equal to the circular arc, of

which its abscissa is the versed sine.

10. To find the sum of all the powers of the

roots of an equation.

11. To draw a diameter to a curve of n dimen-

sions. (M'Laurin's Algebra.)

12. Compare the curvatures of the moon's orbit

in quadrature and syzygy; supposing that the orbit,

independently of the sun's disturbing force, would

have been a circle.

13. To determine the number of given points,

through which a curve line of the m"' order, may
be drawn.
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Monday Afternoon.—Mr. French.

FIFTH AND SIXTH CLASSES.

1. What decimal of a pound is \\d.^^}

2. Investigate the rule for finding the least com-

mon multiple of two quantities, and apply it to find

the least common multiple of 177 ^^^^ 2982.

3. Required to express the sum of the alternate

terms of a binomial raised to the 7/t*^ power, begin-

ning with the second.

4. If one side of a triangle be bisected, the sum

of the squares of the other two sides is double of the

square of half the line bisected, and of the square of

the line drawn from the point of bisection to the

opposite angle.

5. Compare the area of the hexagon inscribed in

a given circle with the area of the circumscribing

hexagon.

6. Given the figure of an ellipse, find practically

its center and its foci.

7. In an ellipse, if the line loi be drawn parallel

to the axis minor BCD, and Qoq, parallel to the

axis major ACM; then lox oi : Qoxoq :: BC* :

AC'. Required a proof.

8. Prove, geometrically, that in any plane tri-

angle, the sum of the sides is to their diflference as

the tangent of half the sum of the angles at the base

to the tangent of half their difference.
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9. Shew that (tan.)^ 600=3 tan. 60"" to rad.= l.

10. P and W being in equilibrio on an incHned

plane, if the whole be put in motion, then P's

velocity : JV's velocity :: ff^ : P.

11. A perfectly hard body is let fall from a given

height (a) upon a half-elastic horizontal plane ; re-

quired the height to which it will rise after imping-

ing the third time upon the plane.

12. Compare the time down -th part of a given

inclined plane with the time down the remainder.

13. Explain the principle of the syphon.

14. Determine the visual angle in Cassegrain's

telescope.

15. Given the latitude of the place, and the

altitude of the sun in the equinoctial, find the

hour-angle.

16. The force tending to the focus of an hyper-

bola varies inversely as the square of the distance.

17. Required to express the fluxion of the arc in

terras of the fluxion of the co-secant.

1 8. The roots of the eq nation aif — bi/^— ay-f- 1=0,
are in harmonic progression, find them.

19. Required the fluents of —; -: ^

,

'^{y).y X x^x %%
1+3/i ' s/{x~-a'-)' s/{2a-xy s/[(f-%^)'
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Monday Afternoon.—Mr. Bland.

THIRD AND FOURTH CLASSES,

1. Prove that the sectors of two different circles

are equal, when their angles are inversely as the

squares of the radii.

2. If a circle be described about the center of

gravity of a system of bodies, A, B, C, &c., and any

point S be taken in the circumference, shew that

Ax SA^-{-Bx SB^-\-Cx SC^-h&cc. is constant.

3. The radius of curvature of the common para-

bola has to the normal the duplicate ratio that the

normal has to the semi-parameter. Required proof.

4. Find the center of gravity of the solid gene-

rated by a quadrant of a circle through one-fourth

of a revolution about the radius.

5. Given (a) and (b) the (m)*''and (w)*'' terms of

an arithmetic progression ; determine the value of

the( J')"' term.

6. Find the fluents of
dx £?i^/(^)

a^—mx^' \/(l— a;)

and
[x - a)^ .{x-\-a)

7. From a given right cone cut off a parabola

such, that its area shall be double the rectangle con-

tained by the segments of the diameter of the base^

formed by the section.
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8. If the force oc ^ , and a body be projected

in a given direction with a velocity which is to the

velocity in a circle at the same distance in a less

ratio than sj '^ ' 1 ; determine the nature of the

orbit described.

9. If an object be placed between two plane re-

flectors inclined to each other at any angle, and the

eyes of a spectator be in any point between the

planes, the distance of the eye from any of the

images seen by him, is equal to the length of the

path described by the rays which form that image.

10. Prove that no fraction can be represented by

a terminating decimal, unless the denominator be 2

or 5, or the product of some powers of 2 and 5.

11. The angle included between the hour-lines of

12 and 3, is equal to the angle included between

the hour-lines of 4 and 6, in a horizontal dial.

Determine the latitude for which the dial is con-

structed.

12. What must be the nature of a parabolic curve

which revolving round its axis would generate a

solid, such that the time of emptying it would be to

the time ofemptying the circumscribing cylinder in

the ratio of 1 : 9.

13. If the attraction of the earth and moon be as

their quantities of matter directly and the squares of

their distances inversely ; what is the nature of the

curve in which a body being placed would be equally

attracted to both ?

Ss
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14. Compare the ablatitious force with the mean

force ofP to T (llth Sect.) ; tlic periodic times of

P and T being as 1 : w.

15. Prove that iftwo bodies be projected in simi-

lar directions with velocities which are in the sub-

duplicate ratio of the force and distance, they will

proceed in similar curves.

Monday Evening.—Mr. Bland.

1. Given the sum {s) and the sum of the squares

{S) of a geometric series continued in infinitum.

Determine the series.

2. If the bases of two equal cycloids be parallel,

and the vertex ofone in the base of the other; prove

that the angle formed by the intersection of the

curves will be a right angle,

3. If two conic sections be described on the same

axis major, and have the same abscissae, the ordi-

nates will be in the sub-duplicate ratio of the latera

recta. Required proof.

4. In a system of wheels moveable by teeth and

pinions, having given the ratios of the number of

teeth in each wheel and pinion, determine the num-

ber of times the {ny-^ wheel turns round its axis,

while the first performs {m) revolutions.

5. Trace the curve whose equation is a . {y—by
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=:x.{x — ay, and determine the angle at which the

curve cuts the axis when r=«.

6. If the altitudes of the sun be taken at the same

place on the same day, when he is in the same ver-

tical in opposite directions ; shew that the sum of

their tangents will be to the sum of their secants, as

the sine of the sun's declination is to the sine of the

latitude of the place.

7. Prove that the sums of the reciprocals of the

(w)*^ powers of the odd and even numbers are to

each other in the proportion of S'' — 1 : 1

.

8. Find the sum of the series :

2a-\-h 2a+3b
{a+ by {a-\-b)\ia + 2by

2a + 5b

(a+ 2bf.{a-\-3by

1 1

-f &c. in inf.

+ &c, to n terms by
1.4.7 4.7.10 7.10.13

the method of increments.Ill
and 7———+ ,. ,^ -; + -— 1- &c. in inf.

4.7.12 6.10.16 8.13.20 '

9. Determine the inclination of a plane of given

length, so that a cylinder of known dimensions and

uniform density, may roll freely down it in a given

time.

10. A barometer, having some air in the tube,

stands at an altitude of (a) inches ; but being put

under the receiver of an air-pump which contains

(n) times as much as its barrel, after m turns it
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stands at an altitude {b). Find the standard alti-

tude, and the quantity of air in the tube at first.

11. An aperture of given area is cut from the top

to the bottom of the side of a regular vessel full of

water. Required its nature and dimensions, such

that the velocity of the descending surface may be as

the (w)"* power of its distance from the lowest point;

the velocity of every particle of the issuing fluid

being supposed to vary as the square root of its

depth below the surface.

12. Shew that in the spiral where the angle de-

scribed by the radius vector SPocSP'", the areas

described by SP in one, two, three,. .. .w revolu-

tions, measuring from the center, will be as the num-

bars, 1,'2, 3. . . .n, raised to the power .

13. Find the fluents of 3

{
a-{-bx).dd;

X
where n is an even number

dx
and — 73

—

rz
; 2; •

x.{i+xy.{i +X+X')

14. Two imperfectly elastic bodies A and B are

at a given distance in the same vertical line; J, the

higher is acted on by gravity, which is supposed to

have no effect on B. Shew that if A fall and strike

B successively, the intervals between the strokes

decrease in geometric progression ; and determine

the space passed over after any number of strokes.
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15. If a small pencil of diverging rays be incident

nearly perpendicularly on the spherical surface of

a plane convex glass mirror, the radius of which is

known; determine what must be its thickness, so

that after refraction at the convex, and reflection at

the plane surface, they may converge to that point

where the axis intersects the spherical surface; the

focus of incidence being given, and at a greater

distance from the surface than the diameter of the

sphere.

16. Determine the nature of the curve which will

refract parallel rays to or from one focus, when the

cosine of incidence is to the sine of refraction :: 1 +
n : 1.

17. Given the greatest and least apparent dia-

meters of the moon, find what would be the appa-

rent diameter corresponding to the mean distance

;

and shew that it is less than the mean apparent

diameter.

18. If any number of bodies be retained in hori-

zontal circular orbits by means ofstrings of unequal

lengths, and the distances of the centers from the

points of suspension be equal, the times of their

revolutions will be the same.

19. Determine the nature and area of a curve

such that if a right line be drawn from its vertex

making an angle of 45° with the axis, the portion

of the ordinate intercepted between this line and

the curve shall always have to the sub-tangent the
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inverse ratio that the ordinate has to the given

hne {a).

20. Let a sphere of a given diameter be pro-

jected in a fluid, the specific gravity of which is to

that of the sphere as 1 : ;« ; having given the velo-

city of projection,, determine what part of it is lost

during the time the body describes any given

space.

21. Shew that the effect of the sun upon the

matter of the earth exterior to the inscribed sphere,

to turn it about its center, is equal to the effect

which would be produced if one-fifth part of that

matter was placed at that point of the earth's equa-

tor which is opposite to the sun.

22. Required the area of the rhumb-line con-

sidered as a spiral ; and shew that its orthographic

projection on the plane of the equator is an hyper-

bolic spiral.

23. If the particles of air be moved from their

places by a force which varies according to any

given law ; it is required to find the law ofthe force

with which they will continue to be agitated, sup-

posing the elasticity of the atmosphere to be pro-

portional to its density.

24. If a chain of given weight reaching to the

center of the earth be suspended from a cylinder at

the surface, round which it is made to wind itself

by the descent of a weight (w) unwinding a string

supposed to be without weight ; determine the
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velocity of tv at any point, and also where it is the

greatest.

Tuesday Morning.—Mr. Bland.

FIRST AND SECOND CLASSES.

1. If a series of arcs be taken in arithmetic pro-

gression, the radius of the circle will be to twice the

cosine of the common difference as the cosine ofany

arc taken as a mean is to the sum of the cosines of

any two equidistant extremes.

2. Find the sum of a recurring decimal qpjtp

&c. in inf., [q) and (jo) containing (m) and {n) digits

respectively.

3. In the direct impact of perfectly hard bodies,

the difference between the sums of the products of

each body into the square of its velocity before and

after impact, is equal to the sum of the product of

each body into the square of the velocity gained or

lost.

4. If S, a, r, n be respectively the sum, first term,

common ratio and number of terms of a geometric

progression ; find the sum of the series,

{S + a)-{-{S + a + ar) + {S-]-a-\-ar+ ai^) + kc.

5. Prove that if contiguous and parallel rays of

light fall upon a refracting sphere, the homogeneal

rays will emerge parallel after n reflections and two

refractions, when the least cotemporary variations of
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the angles of incidence and refraction are to each

otlier as ?/ + 1 : 1

.

6. If an equilateral triangle be inscribed in a

circle, and the adjacent arcs, cut off by two of its

sides, be bisected; the line joining the points of

bisection will be trisected by the sides.

7. The sum of the distances of a star from two

known stars is a minimum, and its declination^

which is o-reater or less than that of each of the

others is known; determine its right ascension.

8. Let 7/= A+Bx-\-Cx^ + Dx^ -{- kc. where

j4j B, C, D, &c. are constant quantities ; then if

^^' [f]' [f.]'
&cbethevaluesof?/,|, |:„&c.

whenj?=0; prove that

2

ri] . ^L + &c.
LisJ 1.2.3

Q. Find the fluent of 77—

;

-:

;

^ z ^{a-\-cz")

xPx
and of

{l-j-x'^y

the fluent of —-—- being = A.

10. The velocity of a body descending from an

infinite distance towards a centre of force, is -th
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part of the velocity in a circle at the distance of

that point ; it is required to determine the law of

the force.

11. IfP be the place of a comet in its parabolic

orbit, and a circle be described through P, the ver-

tex and the focus; shew that the time of moving
from perihelion to P will be proportional to the per-

pendicular drawn from the center of the circle to

the axis.

12. If ai/''\i/ = cx"i) — ai/x'^~^x ; determine the

algebraic relation of j? and i/.

13. In latitude 45*^ the mean altitude of the tide

is always the same whatever be the declination of

the moon.

14. From two bags, one of which contains (m)

and the other (n) balls, marked a, b, c, d, &.c. (m)

being greater than (w), two balls are drawn ; what

is the probability that they have both the same

letter ?

Tuesday Afternoon.— ^r. Bland.

FIFTH AND SIXTH CLASSES.

J . Extract the square root of a + a? + V{2ax + a:*).

2. The sum of {n) terms of any arithmetic pro-

gression whose common difference is equal to the

least term, will be equal to the sum of («-}- 1) mag-

Tt
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nitudes, each of which is half the greatest term of

the progression.

3. If four quantities of the same kind be propor-

tional ; the first shall have to the third the same

ratio that the second has to the fourth. (Euc. B. 5.)

4. UAoa B, and Boc C; prove that AozmB ± wC,

where (w?) and (n) are known quantities.

5. In the steel-yard, if the weight increase in

arithmetic progression, the divisions of the scale

will be at equal intervals; and if each of these in-

tervals be equal to the shorter arm, the moveable

weight will be equal to the difference of the arith-

metic progressionals.

6. Two bodies descend, one vertically through

400 feet, and the other down an inclined plane 500

feet long, and inclined at an angle of 30° to the

horizon, compare the times of their descents.

7. The solid content of a cone whose base is

equal to a great circle of a sphere, and altitude equal

to the diameter, is half the solid content of the

sphere.

8. If the force ex: —
, determine how far a body

must fall externally to acquire the velocity in the

ellipse.

9. Find the fluents of

2+ bx).x(a-\-bx).x , x*x
and
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10. Construct Newton's telescope, investigate its

magnifying power, and find the linear magnitude of

the greatest field of view.

11. If a vertical straight line be placed before a

plane mirror inclined at an angle of 45° to the hori-

zon, determine the image and its position.

12. Given \/ii£Z^Li - a minimum. Find
^ x— a

tlie value of j:.

13. A fluid issuing from the side of a vessel {Ii\

feet high, struck the horizontal plane at a distance

of [d) feet from the bottom. Determine the point

in the side of the vessel where the orifice is made.

14. If the force oc—
, and bodies fall from dif=

ferent altitudes towards diflferent centers of force,

determine the proportions of the times in which they

fall through any space.

15. If the force oc —
; find the angle

between the apsides.

16. If ^j A, A\ represent the areas of three

similar rectilineal polygons described on the hypo-

thenuse and sides of a right-angled triangle, A^
A+ A". Required a proof,
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TiU'Sfhu/ /tfternoon.—Mr. French.

THIRD AND FOURTH CLASSES.

1. Prove, geometrically, that 1 + cos. 26 =
2 COS.- 9.

2. A perfectly elastic ball, projected from A
directly up an inclined plane, AB, strikes a vertical

plane passing through 5 and returns to A; required

its velocity at B, the length of the plane being 36

feet, and its elevation 30^.

3. In an hemispheroid emptying itself by a small

orifice in the vertex, compare the time in which the

surface of the fluid descends through the upper half

of its axis, with the time through the lower.

4. To find the variation of the angle, which a

given object subtends at the eye when viewed

through a convex lens, the object being farther from

the lens than its principal focus (F), and the eye

nearer to the lens than its principal focus (/).

5. The precession in right ascension is positive

when the angle of position is acute, and negative

when it is obtuse. Required a proof.

6. The least error in time due to a given error in

the altitude of a known star being b" ; to determine

the latitude ofthe place, and the true zenith-distance

of the star
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7. To find the area of the conchoid of Nico-

medes.

8. If the nrioveable orbit be projected in antece-

dentia, with a velocity equal to that of P in conse-

queyitia, shew that the velocity of p vanishes^ when

Cp becomes the least distance in the ellipse.

9. Investigate the equation between the perpendi-

cular and the distance, in the lituus ( L^c \
and determine the point of contrary flexure in the

curve.

10. The roots of the equation, i/'*- 83/^ + 14^'

+ 83/ -- 1 5 = 0, are in arithmetical progression. Find

them.

11. Required the fluxion of the arc whose sine

= 2.y^/(l-/)-

12. Apply Newton's method of making a body

oscillate in a cycloid, to the common cycloid.

13. Find the following fluents :

14. Sum the following series

:

^ - jl &c. in inf.

1 4- 3 -f 7 + 1 5 + &c. to w terms.

1 5 q
"^

5 Q 13
"^ ^^' ^^ '^ terms by increments.
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Tuesday Evening.—Mr. French.

1. If a sum/;, at compound interest, in w years

amounts to in, in what time will the same sum
amount to M, at the same rate ?

2. A cyhndrical vessel, of given thickness, is

required to be of a certain capacity, find the least

quantity of material with which it can be made.

3. A thin rod, formed of the arcs of two entire,

unequal cycloids, lying in the same plane, and on

opposite sides of the line of their bases, floats upon

a fluid, sinking to the point at which the arcs are

united ; to determine its position when at rest.

4. To find the surface of a sphere by the method

of indivisibles.

5. Required the time of oscillation in a finite

circular arc.

y/ 6. To determine that point in the periphery of an

ellipse, at which the angle contained between the

normal and the distance from the center, is a max-

imum.

7. The place of the earth, when a star's aberra-

tion in declination = 0, being f/o; ^nd Aq (lying to

the eastward of the point of syzygy) being the

place of the aberratic point, when its aberration in

right ascension =0; required the position of 4>

with respect to Aq.
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8. Solve the following equation a?^- 9 JC 4- 28 =
by a process similar to that employed by Cardan.

9. If a small pencil of parallel rays fall upon a

concave spherical surface, and every ray be reflected,

the density of the incident pencil is to the density

(supposed uniform) of rays in the least circle of

aberration, as the area of the circle, whose diameter

is the versed sine of the aperture, to the whole sur-

face of the sphere, very nearly ; required a proof.

10. Find the n roots of unity,, and shew how the

quadratics combine, when n is an odd number.

11. The weight of a given globe being incon-

siderable, when compared with the weight of an

equal bulk of fluid, prove that, in its ascent, the

velocity is uniform, and equal to the velocity by

gravity through 4ds of its diameter.

12. Investigate an expression for the pressure

on the axis of a mechanical power in motion, and

apply it in the case of the single moveable pulley.

13. Sum the following series :

+ —^-zH i-&c. to n terms.
1.2.3.4 4.5.6.7 7.8.9.10

'^1 6 1 „

_j , _ -j_ &c. to n terms.
1.2.3 T 2.3.4 2

1 1 1
- 4- r &c. in infinitum.

1.2 4.57.8

14. Explain D'Alembert's principle ; and apply it

to find the accelerating force on a body drawn up
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an inclined plane, by the action of a power parallel

to the plane.

^ 15. In any square number, 4 is the only digit

which can occupy both the units and tens places.

16. To find the whole number of equal and re-

gular figures, which may be described upon the

surface of a sphere so as exactly to cover it.

17. BM is a chord of a circle, whose center is C,

and CEF any radius cutting BM in the point E\
at every point E, EP is erected perpendicular to

jBMand equal to EF; required the locus of P.

18. In the catenary, the horizontal tension is the

same at every point, to determine its actual value.

19. Find the following fluents :

/ —
, fb.xH:>^^'^''~f\

(l+xy.il+x+x'y ^^""^^

faz\y''-% \i z- {b + cy'')'^.y.

20. A body, acted upon by gravity, is projected

horizontally, with a given velocity, along the interior

surface of a cylinder; required to trace its path

upon the surface of the cylinder.

21. To calculate the probability of throwing two

assigned numbers, A and B, with m dice, in n

throws.

22. Solve the following fluxional equations :

{x-y).xy=y.x'-\-{a—x).y\

and -rn -1-^ + cos. mz = 0.
2r
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23. If an equilateral polygon of T sides be in-

scribed in a circle, whose rad.= l, the value of each

side is v'^g-V 2+ v 2+ sj 2 &c. where the nu-

meral 2 is repeated i^i— l) times.

24. ADC is a common parabola, JQa tangent at

the vertex, and PQ a tangent at P_, meeting it in Q;
to determine the point P, such, that the resistance

on the solid, generated by the revolution ofX)PQ^
about CA, when moving in the direction of its axis,

may be the least possible.

t

Uu
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1817.

Monday Morning.—Mr. Peacock.

Monday, January 13, I817.

FIRST AND SECOND CLASSES.

1. What decimal o^ £\. is 3s, 3^d. ?

2. Find the integer values of .r and 1/, which

satisfy the equation 13,r + 14y= 200.

3. Prove that

0=tan.0 tan. 0' + - tan. G^-kc.

t 4. Find the integral of -i^,

.

^.^ w.--^^

6. Explain what is meant by the particular solu-

tions of differential equations. Give an instance in

the equation

6. Find expressions for the range and time of

flight of a body projected from a given point above

a given plane.

^^'"' /'^^/.
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7. Two vessels filled with air of different densities

communicate by a tube. Find the velocity with

which the air will rush into the vessel containing

the rarer air.

8. Explain the causes of the following lunar in-

equalities : (1.) The evection.

(2.) The variation.

(3.) The annual equation.

9. The aberration which arises from the spheri-

cal surfaces of lenses is very small, compared with

that which is caused by the unequal refrangibility

of light.

10. Prove that in the calculus of variations,

V being a function of ^.

Monday Afternoon,—Mr. Peacock.

FIFTH AND SIXTH CLASSES.

1

.

Find the quotient of 75.04 divided by 3.02101

to three places of decimals.

2. Find the amount of £70. in three years, at 3^
per cent, allowing simple interest.

3. Shew that

= 2a + 2j[a'-Yh'].
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4. The number N is divisible by /, if a^+ a^.S

+ «.,.3'+«i.3'4- &c. +a„.3", be divisible by 7;
«oj ^ijaoj&c. being the digits ofthe number, reckon-

ing from the place of units.

5. The middle term of the expansion of (l +a?)",

when 71 is even, is

_j U3.5,.,.(n-l) J
1.2.3 ••••0)

6. Explain the method of constructing a table of

sines.

7. Solve the equation

x'^+ pjc^ -irgx"^ + poi + 1 =0.

8. There are at least as many impossible roots in

the original equation as in the equation of limits.

9. Explain what is meant by the modulus of a

system of logarithms, and shew how it is deter-

mined.

10. If 7r=3.14159, / = time of oscillation, and

/ the length of the pendulum, then

=V: '

2vif

11. Explain the method of determining the right

ascensions of the fixed stars.

12. Enumerate and explain the phaenomena ex-

hibited by the moon in the course of a month.
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13. Explain the method of determining the spe-

cific gravities of bodies.

14. A given rectihnear object is placed at a given

point in the axis of a concave mirror. Required the

nature and position of its image.

15. Find the fluxion of sin. x.

16. Find the values of x, which make the function

a;'— «^— 8a?+ 12 a maximum or a minimum.

17. Expand (l+x)'^ by means of Maclaurin's

theorem.

Monday Afternoon.—Mr. White.

THIRD AND FOURTH CLASSES.

1. A sumP is due at the end of m years ; find the

difference between its amount at the end of (rn-\-n)

years, and the amount of its present value at the end

of (jn+ n) years, at simple interest.

2. It is required to find two harmonic means

between 3 and 12.

^ 3. If two circles intersect each other in A, B;
any two parallel lines CD, EF, drawn through A, B,

respectively, and cutting the circles in C, D; E, F;

are equal. Required a proof.

4. An object is placed before a concave spherical
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reflector. Required its position, when the image is

inverted, and equal to twice the object.

5. It is required to find the principal focus of a

concavo-convex lens, of a rarer medium, whose
thickness is inconsiderable.

6. A body falls down a given length of an inclined

plane, and impinging upon the horizontal plane

moves along it; required the elevation of the plane,

when the time of moving upon the horizontal plane,

over a space equal to the height of the plane, is

equal to the time down the plane.

7. Prove that when a body oscillates in a cycloid,

the whole force which stretches the string, varies as

the length of that part of it, which is not in contact

with the upper cycloid.

8. The length of the shadow of an upright rod at

noon on the shortest day : its length at noon on the

longest day :: n : 1. Prove that the sine of twice

the latitude : the sine of twice the obliquity ::

{n+\) : (w-1).

9. A hemispherical vessel standing upon its base

is filled with fluid; compare the pressures perpen-

dicular to its plane and curved surfaces.

10. Compare the times of emptying a vessel in

the form of a parabolic frustum, by a small orifice

in its base, when it is placed with the vertex of the

parabola downwards, and when it is placed with the

vertex upwards.
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11. Compare the time of descent in a given loga-

rithmic spiral, to the center S, from a given point

P, with the periodic time in a circle, at the distance

SP

12. If a body fall down the radius of a circle,

/^varying as (dist.)'^, and ascend on the other side

through radius by a repulsive force; shew that it

will acquire the velocity of revolution in the circle.

13. In any spherical triangle whose sides are a, b,c,

and opposite angles A, B,C; if ^ = c, shew that

a A
sm. - cos.

—

sin. i =
,

and sin. B = ^ .

. A a
sm.— COS.

-

2 2

14. Sum the series3.4
+ o a oz + T-r-^3 + &c. to n terms.

1.2.2 2.3.2* 3.4.2

and —— 4- ;—- + \- &c. to n terms.
1.5^ o ./ 5.9

15. Find the fluents of

-— and

16. Find the centre of gyration of the plane of a

semicircle, revolving about its diameter.
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Monday Evening.—Mr. White.

1. The present value of a freehold estate of £lOO.

per annum, subject to the payment of a certain sum

{A) at the end of every two years, is oClOOO. allow-

ing 5 per cent, compound interest. Required to

determine the sum A.

2. V=l, 23=3+ 5,3^ = 7+9+11,43 = 13 + 15

+ 17+ 19, &c. = &c. Prove the formula for n\

S. Two equal hard bodies are projected at the same

instant towards each other, from the two extremities

of a vertical line, each with the velocity which would

be acquired by falling down it. Required the inter-

val of time, between their impact and their arrival

at the lower extremity of the line.

4. A hemispherical vessel, of given weight, floats

upon a fluid, with one third of its axis below the

surface ; required the weight which must be put

into it, so that it may float with two-thirds of its

axis below the surface.

5. A ray oflight passes through a prism ofa denser

medium, and the ray within makes two acute angles

with the sides of the prism ; if /, i, be the angles

which the incident and emergent rays make with the

perpendiculars to the surfaces, and R, r, the angles

which the ray within makes with the same per-

pendiculars, prove that when the deviation is a

minimum, I=i, and R = r.
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6. If the moon and sun be upon the meridian at

the same instant, and A, a, be the increases of their

right-ascensions (supposed uniform) in one solar

day; A, a, being reckoned in time at \b^ to one

hour; shew that the exact interval between their

next following; transits = —^^—7-^—^—r x 24 hours,^ 2A-{A-a) *

solar time.

7. Prove that by means of the series of weights

1, 2, 4, 8^ 16, &c. any weight not exceeding the sum
of the weights, can be weighed. ^

8. Prove that a circular arc of given radius, will

oscillate through a given angle, in its own plane,

about its middle point, in the same time, whatever

be its length.

9. When a body oscillates in a hypocycloid, as in

the tenth section ; if TBP be any position of the

Xx
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string, shew that the time of describing AP : the

time of describing PL :: the arc AB : the arc BL.

10. Prove that the roots of the equation, a:"*+l

= 0, wlien m is an odd number, are

-7, -
, r, 7'\ r"*'^. r'", where /' = | cos. —

r" r ' ' '
' \ m

+ v/( - 1 ) sin. —\ and r'" = - 1

.

11. Prove that a regular octahedron inscribed in

a sphere : the cube of the radius :: 4 : 3.

12. A body is projected, at a given distance r,

at an angle of 30°^ with the velocity acquired from

infinity. Find the time elapsed when the body is

V
at the distance - from the center ; supposing the

force to vary as --p

—

Tc , and to be equal to twice
^ (dist.)

*

the force of gravity at the point of projection.

(Newt. Sect. 8.)

13. The sides of a spherical triangle are a, b, c

;

and the opposite angles A, B, C; \fA and Cbe in-

variable, and b be increased by a small quantity, shew

that a will be increased or diminished, according as

c is less or greater than a quadrant.

14. The mean motion of the nodes of the fourth

satellite of Jupiter, caused by the disturbing action

of the third, ought, according to the principles of

the eleventh section, to be regressive ; whilst this
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regression takes place, can the node of the orbit of

the fourth satelHte be progressive upon Jupiter's

,
orbit?

15. When rays diverge, from a point beyond it's

principal focus, upon a double convex lens of a

denser medium ; if q be the distance of the focus of

refracted rays from the second surface, the thickness

(/) being small ; and q that distance when t is

111 ill (nd—rY
neglected ; shew that - = - -f

-—^ r—r-—
- . t.^ '

q' q ' {I -]-n) d^ r* '

nearly ; where r is the radius of the first surface, d

the distance of the focus of incidence from itj and

1 +w : 1 :: sin. / : sin. R,

16. A ball, whose elasticity : perfect elasticity ::

w : 1, is projected obliquely upwards, from a point

in the horizontal plane, upon which it impinges and

rebounds continually
;
prove that the ranges and

times of flight in the successive parabolas described,

form geometric progressions ; and find their sum.

17. If the resistance vary as (vel.)-^, and a body

fall by the action of a constant force; find the time

in which it will acquire a given velocity.

18. Find the fluent of ^

jtt, , and in the

{a'+ x')-^

fluent of r--7^ r--rt r— , m being

greater than n, shew that the coefticients of all the

terms which involve higher powers of x than the

(m - M+ 1)*"^ will vanish.
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19. Sum the following series,

, H ; — &c. ad infinituni.
1.3.3 3.5.3' 5.7.3^

2 3 4
also, 1 -^ T + &c. to n terms

' 1.3.3 3.5.3" 5.7.3^

by the method of increments.

20. An isosceles right-angled triangle is immersed

in a fluid, having one of its sides coincident with

the surface ; find the distance of the center of pres-

sure from the side immersed.

21. (Sect. XI. Prop. 66.) Cor. 14, If ST and

the absolute force of ^S" be changed, the periodic

linear errors of Poc — —
-. „ „^,, . Cor. 15.

(per% time ot i )"

If ST, PT, be changed in the same proportion, and

also the absolute forces of S and T be changed in the

same proportion, the periodic linear errors of P vary

as PT. Required proof: and hence to compare the

periodic linear errors of P in different systems of

S, T, P, where the form and inclination only of the

orbits remain the same.

/V3 . v^ 22. If out of 86 persons born, one dies at the end

of every year ; and m, n, be the complements to 86

df the ages of two individuals A, B, m being less

than n, prove that the probability of A'?, surviving

m— \B=
2n

23. In a system of two pulleys, where each string

is attached to the weight, P draws up W-^ find the
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accelerating force on P, the tensions of the strings,

and the pressures upon the centers of the pulleys j

taking into consideration the weight and inertia of

the pulleys.

Tuesday Morning.—Mr. White.

FIRST AND SECOND CLASSES.

1. The logarithm of 37852 is 4.5787767; the

logarithm of 37853 is 4.5787882; required the

number, corresponding to the logarithm 6.5787836.

2. If the sides of a spherical triangle, AB, AC,

be produced to h, c, so that Bh, Cc, shall be the

semi-supplements of AB, AC, respectively
;

prove

that the arc be will subtend an angle at the center of

the sphere, equal to the angle between the chords of

AB, AC.

3. If the radii, of the tube, and of the basin, of

a barometer, be 1 and 3 ; and the index shews, at

sight, the height of the mercury in the tube, above

that in the basin
;
prove that the inch upon the

scale : a real inch :: 8 : 9, the thickness of the tube

being neglected.

4. The altitudes of a circum - polar star are

observed at two instants, when it has the same

azimuth, before it passes the meridian; anct also

the time between those instants ; from these data,

determine the latitude of the place.
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5. Having- given tlie distance at which a short-

sighted person can see distinctly, it is required, to

find the (hstance between a given object-glass, and

given eye-glass, in an astronomical telescope, when

adapted to such an eye, and to distant objects.

6. The periodic times of the first and second

satellites of Jupiter, are, (l**. 18'\ 27"'. 33^) and

(3*^. 13''. 13'". 42'.) If a, a\ be their mean dis-

~ / 2 1 \
tances, prove that, a:a'::l:2''xfl4--x )

nearly,

7. If theY tan. (Ah - -^= tan. u. prove that,

V^(tan. 5J+sec. %) -f ^(tan. % - sec. z) — 'i cot. 2u.

8. Determine the weights which must be selected

out of the series, 1, 2, 4, 8, &c. pounds, in order to

weigh 1317 pounds.

9. If a body be projected obliquely upwards, shew

that the square of its velocity, will always be equal

to the squareofthe velocity of projection, diminished

by the square of the velocity which it would acquire

by falling down its perpendicular height, above the

horizontal plane passing through the point of pro-

jection.

10. A body describes a circle, the center of force

being in the circumference ; another body describes

an equal circle, the center of force being in the

center of the circle, and the absolute force being
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one-fourth of its former value. Compare the times

in which the circles are described.

11. Prove, that {a + h)'' = a« + n.a'\
(« + 6)

n+l „ h"
,

w + l w+ 2 „ h^+ n.——-.d!\- r— -j- n. . ,a".
2 ' (a + ^)* * 2 ' 3 * *(a +i)'

H- &c. and by this theorem, sura the series,

13 1 3.4 1 ,3.4.5 1 ^ A- a, •,— 4- - . —, + .
—+ . — 4- &c, ad mnnitum

,

3^2 3* 2.3 3^ 2.3.4 3*

12. Upon one side of the given straight line AB
describe a semicircle, and upon the other side an

equilateral triangle ADB\ if a solid be generated

by the revolution of this figure about DC, C being

the center of the semicircle; prove that it will rest

upon the horizontal plane, upon any point of it's

spherical surface.

Tuesday Afternoon.—Mr. White.

FIFTH AND SIXTH CLASSES.

1. It is required to express 23*^. 27'. 53". in hours,

minutes, and seconds.

2. Find the discount upon £l25. 10*. od. pay-

able at the end of three years, at 4| 2)ercent. simple

interest.

3. It is required to determine the point C in the

semicircle ACB, such that the three sides of the tri-

angle ACS shall be in geometrical progression.
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4. Two bodies 1, 2, moving with velocities 1, 2,

whose elasticity : perfect elasticity :: 1 : 2, impinge

upon each other, making the angles of 30", and 90",

respectively, with the plane touching them at the

point of contact. Required the directions in which

they will move, and their velocities after impact.

5. A body is projected down an inclined plane,

with the velocity acquired in falling down its height,

and describes the length of the plane in the time of

falling down its height. Required the elevation of

the plane.

6. In a quadrantal triangle, the angle opposite the

quadrant, and one of the other angles, are given ;

find the remaining angle.

7. Prove that the illumined phase of Mars is the

least, when he is in quadrature.

8. If an object be viewed through a glass plate of

given thickness, determine how much the apparent

distance is less than the true.

9. It is required to determine the brightest part

of the visible area in Galileo's telescope.

10. A circle and its inscribed hexagon, move with

equal velocities, in directions inclined at angles of

30° and 60", respectively, to their planes. Compare

the resistances perpendicular to their motions.



181J'.] CAMBRIDGE PROBLEMS. 353

11. Sum the following series to n terms,

r 1 &c.
2 4

and 1.2 + 2.5+3.8+4.11 +&c.

12. Find the fluents of

1 .1, and —J- r.
a- ox ^{a — x)

13. Having given the ratio of the periodic times

in two circleSj described about different centers of

force situated in their centers, and also the ratio of

the radii, it is required to find the ratio of the abso-

lute forces.

14. Determine the angle between the apsides in

an orbit nearly circular, the force being constant;

taking an ellipse about the center for the revolving

orbit.

Tuesday Afternoon.—Mr. Peacock.

THIRD AND FOURTH CLASSES.

1. If— and — be two consecutive terms in a

series of fractions converging towards -
; then

2. Explain what is meant by the conjugate points

of curve lines.

Y Y
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8. If M=/ {cT, 3/|, shew that

d^-u du"

dxdy dydx

4. Find the integral or fluent of

dx

5. Ifa body be projected perpendicularly upwards

with a velocity (a), its height {x), at the end of the

time {t), is determined from the equation

X\ .

6. Enumerate the different practical methods of

determining the latitude of a ship at sea.

7. Explain the method of measuring altitudes, by

means of the barometer and thermometer.

8. A given rectilinear object is placed before a

spherical reflector of given radius. Find the equa-

tion to the conic section which is its image.

9. Find an expression for the whole time of descent

of a body from a distance {a) to the center of force,

when the force varies inversely as the square of the

distance.

10. Mention some of the problems, upon which

the trisection of an angle, by common geometry,

may be made to depend.
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Tuesday Evening.—Mr. Peacock.

1. Demonstrate the rule for the extraction of the

square root in numbers.

3. Every prime number of the form 4«+ 1 is the

sum of two squares.

3. Approximate to the value of x in the equation

a^- 2a;- 5= 0,

and explain the defects of the methods of approxi-

mation, as given by Newton and Ralphson.

4. Prove that

n n(n—\)

6. Integrate the differentials

dx a^dx

•2 &c.

x's/ll-^rx']' x' '
and dx cos.' x sin.' .r.

6. Integrate the differences or increments

x^ and ^ cos. .r d.

7. Integrate the different- equations

d'^ y m
(1) d x"^ {^~yY

(2.) d"-y-\'Aydx'' = Xdx^y where A^is a func-

tion of X.

(3.) ii _ y.ii= -.Hi,
^ dx x' dy X*'
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8. Integrate the equation of difibreiices,

9. Given the length of the curve; required its

nature when its centre of gravity is most remote

from the axis.

10. If two hues intersect each other within a

parabola, the ratio of the rectangles contained by

their respective segments will be the same with the

ratio of the rectangles made by the segments of any

other two lines which intersect each other_, and

which are respectively parallel to the former.

11. Apply D'Alembert's principle to the deter-

mination of the distance of the centres of oscillation

and suspension in a compound pendulum.

12. A triangular prism being immersed in a fluid

of greater specific gravity than itself, it is required

to determine the different positions in which it will

rest in equilibrium.

13. A machine, driven by the impulse ofa stream,

produces the greatest effect when the wheel moves

with one-third of the velocity of the water.

14. At a place whose latitude is 48*^. 50'. 14", the

meridian altitude of the sun's upper limb was ob-

served to be 62'^. 29'. 56"; it is required to deter-

mine the sun's declination, the refraction being 29",

the sun's parallax and apparent diameter of their

mean values^ and the sine of 27^30'. 4"= .4617.
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15. Explain the method of correcting an error in

the longitude of a place, hy means of the occulta-

tion of a given fixed star by the moon.

16. If r be the radius of an isosceles lens, whose

focal length is equal to that ofa lens whose radii are

r, and Vo ; then

r 2 (ri rj

17. If Z) be the length of a degree of the meri-

dian at a point whose latitude is X, A the length of

a degree of a curve perpendicular to the meridian at

that point, a the axis major of the meridian^ and e

the difference of the semi-axes ; then

e A —D . .

- = — r^ (nearly).
a 2 A cos. X ^ -^

18. The moon is retained in her orbit by the

force of gravity. Newton. Lib. III. Prop. 4.

^ 19. The sum of the sides of a right-angled tri-

angle remaining the same, required the nature of

the curve to which the hypothenuse is always a

tangent.

20. Explain the method of drawing a normal to

a given curve surface.

21. Give an account of the controversy between

the followers of Newton and Leibnitz, concerning

the measure of motion; and reconcile the experi-

ments and results to which the latter appealed^ with

tlie measure assumed by the former.
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22. If two chords of a circle intersect each other

at right angles, the sum of the squares described

upon the four segments is equal to the square de-

scribed upon the diameter.

23 Give some account of the analysis of the an-

cient geometers. Exemplify it in the solution of

the following problem :
" To bisect a triangle by a

straight line drawn through a given point in one of

its sides."
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1818.

Monday Morning —Mr. French.

Monday, January 20, 1818.

first and second classes.

1. 1 HE present value of an annuity, to continue

for a term of years at a given rate of compound in-

terest. =wx the present value of the same annuity,

to be paid only during the latter half of the same

term ; required to find when the annuity will

cease.

2. To determine the numerical value of the arc

A which will satisfy the following equation

:

sin. 5+ sin. (y4— ii)+sin. (2^ + jB) =
sin. (^+ 5) + sin. {2A-B).

3. Prove that the sum of all the coefficients of a

binomial raised to the (2??)^'' power : the coefficient

of its middle term :: 2.4.6, &c. to w factors : 1 .3

.

5 . &c. to w factors,

4. A body is suspended from a given point in

the horizontal plane, by a string of known length,

which is thrust out of its vertical position by a rod
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(supposed without weight) acting, from a given

point in the plane, against the body ; shew that the

tension of tlie string varies inversely as the tangent

of the inclination of the rod to the horizon.

y 5. Two equal hollow paraboloids have a common
axis, which is vertical, and such a quantity of water

is poured in between them, as just to touch the

lowest point of the inner figure ; demonstrate that

the surface of the water will be a tangent plane to

this figure, in any position of the common axis.

6. In Gregory's telescope, the focal length of

the larger reflector, the position and focal length of

the eye-glass, and the distance between the two

images of a remote object being given ; required to

find the position and focal length of the smaller

reflector, which will cause the telescope to magnify

the object in any proposed ratio.

7. Having given nt=.u - e. sin. u ; required the

first four terms of the series expressing u in terms

of w^.

8. A spherical body descends in a fluid by gravity;

to determine the quantity of the resistance, when

the body has described a given space.

9. The force varying inversely as (dist.)' and the

velocity being that which would be acquired from

infinity, a body is projected from an apse ; compare

the time of its descent to the center, with the

periodic time in a circle, whose radius=half the

apsidal distance.
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10. To find the fluent of 'V^^'xf^ -

(1+xr

11. Sum the following series:

— + 1- h &c. in inf.
1.1 3.5 5.9

12. A body describes a parabola about the focus,

and at the same time the figure moves uniformly in

a direction perpendicular to its axis, which con-

tinues parallel to itself; to determine the path de-

scribed by the body in fixed space.

Monday Afternoon.—Mr. French.

FIFTH AND SIXTH CLASSES.

1. ^=— . Required the values
x-\-2 3j:-20 13 ^

of ^.

2. Required the ratio which is one half of the

ratio (V32 : 25.)

3. The sum of an arithmetic series is 5, the first

term 11, and the common diflference — 5 ; find the

number of terms.

4. To determine the value of tan. 30^ to two

places of decimals, (rad. = 10000.)

5. P being any point in an ellipse, whose semi-

axis major is AC; prove, that^ if the normal {PG}
Zz
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be produced to meet the conjugate diameter in F
and the minor axis in I\,

PF.pr=(/wy.

6. Two circles touch each other internally, and

the area of the lune cut out of the larger is equal to

twice the area of the smaller circle. Required the

ratiu of the diameters of these circles.

7. A body is projected perpendicularly upward

with a velocity of 64 feet per second ; find the time

of ascent through 63 feet.

8. The length of the gage of a condenser is 1

2

inches, and the space occupied by the airin it, after

two descents of the sucker, is half its whole length;

to determine the space which the air will occupy

after the third descent of the sucker.

9. Having given the focus of incidence ofa pencil

of rays which passes nearly perpendiculai'ly through

the sides of a prism, and sin. / : sin. R :: ?? : l out

of the ambient medium into the prism ; required (/?

being a proper fraction) to find the focus of emer-

gent rays.

10. If a star be situated nearer to the pole of the

ecliptic than to that of the equinoctial, shew that

its right ascension exceeds 180°.

11. A body is revolving in a given circle about

its center, if the absolute central force be increased

in a given ratio, what change must be made in the
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velocity of the body, that it may still describe the

same circle ?

12. Demonstrate, as Newton has done (Cor. 2.

Prop. 10.), that the periodic times in all ellipses

about the same center are equal.

^ [a x)
13. Assuming the velocity to vary as —

,

a being the initial distance and x the variable

distance of the body from the center of force; to

determine the law of the centripetal force.

14. One root of the equation (x^- lla:'+ 37^

— 35 = 0) is 3+^/2; required the remaining roots.

i/V(rt* — V*)
15. Required the fluxion of z \

— .

16. Find the fluent of

a' —y

e~f%

Monday Afternoon.—Mr. Fallows.

THIRD AND FOURTH CLASSES.

1. What part of half a crown is equal to -f of

Is. 5^(1.

2. Of all triangles under a given perimeter and

a determinate side, shew that to be the greatest in

which the two indeterminate sides are equal.
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3. If the;/'' and r/"' terms of an arithmetical pro-

gression be Pand Q, find the sum of/; terms of the

series,

4. Transforn) the cubic equation jr^ 4- ;;j?^ + ^^+r
= 0, wiiose roots are a, b, c, into another whose
roots are

(^+10' 6n^)' ([.+?)•

5. A ship sails directly north at the rate of [a)

miles an hour, and the velocity of the wind is (b)

miles an hour; find the direction of the wind so that

the vane may point due west.

6. Find the quantity of water discharged from a

small given orifice in the side or bottom of a vessel

in a given time ; the vessel being kept constantly

full.

7. Having given the radius of an arc of any colour

in the secondary rainbow, find the ratio of the sine

of incidence to the sine of refraction ivhen rays of

that colour pass out of air into water.

8. If a body revolve in an ellipse (whose major

and minor axes are given) with the force tending to

its focus, and the time of revolution be given ; find

the actual velocity of the body at any given point in

its orbit.

9. Ifthehyp.log. :^^^+4t^ = /,,fi„d^.
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10. Find the surface of the sohd generated by the

revolution of a common cycloid about its axis.

1 1 . Explain why the effect of abenation on a star

not situated in the solstitial colure, at six o'clock,

either evening or morning, is partly in declination

and part in right ascension.

12. A luminous point is placed in the axis of a

glass lens, which is plane on one side and carved on

the other ; find the nature of the curved surface so

that rays diverging from the luminous point, may
after passing through the lens, be refracted accu-

rately to another given point.

13. The right ascension and declination of a star

being given, as also the time of the year when it

rises with the sun ; find the latitude of the place.

14. The increment of the hyp. log. (:r) =

i\2x->r0c/ ^ 3\2x-^x/ b\2x-\-xJ J

15. Find the followins; fluents :

x^x r a/^ X
T~^x—^ y I 'TTt ^7T J J ^ ^y where z is

an arc whose tangent = a;.

Monday Evening.—Mr. Fallows.

1. If <£l. £8. £2^ . &c. be lent at the beginning

of the first, second, third, &c. year ; find the whole
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anioiiiit (iuej at simple interest, at the end of // years,

at ;• rate j)er cent.

2. Given the four sides of a qua(hilateral figure

inscribed in a circle; to find its diagonals.

3. A string passing over a fixed pulley is coiled,

on each side of it, round two cylinders of equal

weight (m), the one being of uniform density, the

other collected in the circumference; find the ten-

sion of the string when they are at liberty to move;

the inertia of the string and pulley not being taken

into account.

4. Given the area of a right-angled triangle ^ to

find the curve to which the hypothenuse is always

a tangent.

5. At wliat angle must two plane reflectors be

inclined, so that a man standing in a given position,

may see his face in pr'ofile in the image of one of

them ?

6. The ages of two persons being equal ; find the

value of an annuity of £l. for their joint lives.

7. A body revolves in an ellipse, the force being

in the focus ; shew that if an additional velocity be

communicated to it in its descent from the higher to

the lower apse, tlie apsides are regressive, and if

communicated in its ascent from the lower to the

higher, they are progressive.

8. Two barometers whose lengths are a, a! inches,

contain b. h' inches of air respectively ; if on account
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of some change in the weather the former barometer

falls one inch, what will be the depression in the

latter; supposing a perfect barometer to stand at 30

inches before the depression ?

9. Equal altitudes of the sun are taken before

and after its passage over the meridian, and the times

of observation noted by a chronometer ; find its

error when the change of declination is taken into

account.

10. Find the integral of cos. z ; and from thence,

sum the series cos. a + cos, {a + b) + cos. {a-\~2b)

+C0S. [a + nb).

11. Find the following fluents :

fx x.^xQ,. (sin.= a'), J r—-— TT-.
-' ^ " -^ {\-x').^[\ +xf')

12. Find the relation between x and y, in the

following equations :

xy - yX — {x^ -\- \) X =^0

;

(i' -\-y^Y+ 2a^ ^{a - x) .xy = 0.

13. If the mean density of the earth (considered

as a sphere) be to the density at the surface as I : m;
find that power of the distance from its center ac-

cording to which the density of its parts varies.

14. Explain the construction of Mercator's chart,

and from thence find the distance of two places

projected on the chart whose latitudes and longitudes

are given.
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15. If a prolate spheroid be cut by a plane passing

throiioh the focus, the section will be an ellipse

having its focus in the focus of the spheroid.

16. I'rovc that the sum of the terms of Taylor's

series commencing with any given term, can always

be rendered less than the term immediately preced-

ing it.

17. If a small pencil of parallel homogeneal rays

be refracted into a sphere of water, and emerge

parallel ; shew that after two refractions and one

reflection, the angle contained between the incident

and emergent rays is a maximum, and after two

refractions and two reflections it is a minimum.

18. A circle has the greatest triangle inscribed in

it, a circle isinscribed in the triangle, which has the

greatest triangle inscribed in it, and so on ; find the

sum of all the circles and triangles.

19. If Foe — and be attractive; shew that six

different kinds of orbits may be described with

proper velocities and angles of projection, and only

six ; and when repulsive, only one.

20c A paraboloid rests upon an horizontal plane

with its axis vertical and vertex downwards : what

must be the length of its axis in order that the equi-

librium may be that o^ indifference P

21. If the resistance of the medium vary partly in
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the simple and partly in the duplicate ratio of the

velocity, and a body urged by the force of gravity

ascend or descend in the medium ; shew how the

spaces described by the body in different times may
be compared. Newton. Prop. 14. Book II.

22. A rigid prismatic bar of uniform density and

given length is placed in the straight line joining two

centers of force, whose distance is given, and whose

intensities are in the ratio of 2 to 1 ; find the po-

sition of the bar so that it may rest in equilibrium,

IP 1supposmg -tc^-f:-

23. The lunar orbit being supposed circular:

compare the moon's velocity in quadratures with

its velocity at any given place of its orbit, taking

into consideration that the earth and moon revolve

about their common center of gravity. Newton,

Prop. 26. Book III.

24. Investigate the following formula for clear-

ing the moon's distance: ver. sin. (Z)) = ver. sin.

/ ^ r»\ COS. A. COS. B , . ,xiA— ti) H {ver. sm. (a) — ver. sm.
COS. a . cos. b

{a— h)] where A, B ; a, b, are the true and ap-

parent altitudes ; D, d the true and apparent

distances.



310 CAMHRIDGE PROBLEMS. [1818.

Tuesdai/ Mnrmng. — Mr. Fallows.

FIRST AND SECOND CLASSES.

1. Find two fractions whose denonminators are

32
prime to each other and their sum -

.^ 45

y/ 2. The area of a trapezium is equal to the pro-

duct of its two diagonals multiplied by half the sine

of the angle formed by their intersection.

3. In the expansion oi t^-^ 1; tind^
I —ax- fix' - yx^

the general term.

4. Given the lengths of two ordinates of the

logarithmic curve and the portion of the abscissa

intercepted between them ; to construct the curve.

5. Find the position of the center of gravity of

any number of bodies situated in different planes.

6. If a body fall by the action of an uniform

force and describe (a) and {b) feet in the 7if' and ??"'

second respectively, (reckoning from the beginning

of the motion) ; find the space described in the x^^'

second.

7. Two given glass meniscuses of the same dia-

meter and the same focal length being joined

together with their convex sides outwards and the

included space being filled with water; find the
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focal length of the lens, its thickness not being

considered.

8. If an oblate spheroid, whose axes are given,

be filled with water and placed with its major axis

perpendicular to the horizon j find the time of

emptying through a small given orifice at the ex-

tremity of the vertical axis.

9. Prove, strictly, that v = Ft, vv = Fx, and

t=F
t-

10. In a given latitude and longitude, a vertical

plane declines (a^) from the south towards the

west ; find the place to whose horizon the plane is

parallel.

11. If a body fall from rest through a given space

AB towards a given center offeree C, in ^seconds;

compare the force at A with gravity, supposing

12. Investigate the nature of the curve, in which

lines drawn from a given point perpendicular to the

tangent may always be equal.

X
13. Find the integral of —

.

14. If an elastic chord of uniform density, whose

length is {L) and weight {W), be stretched in an

horizontal position by a given weight [w) and the

increment of length be (/); find the length of the
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chord when suspended by one of its extremities ;

the increment of its length being always as the

weight which stretches it.

Tuesday Afternoon.—Mr. Fallows.

FIFTH AND SIXTH CLASSES.

1. A person sold goods to the value of £lOOO. and

gained 20 per cent. What was the prime cost ?

2. Surd roots of the form + V{b) enter equations

by pairs.

3. If two triangles are to each other as their

bases
;
prove that they have the same altitude.

4 A body is projected up a plane inclined to the

horizon at an angle of 30*^ with a velocity of 20 feet

per second, find where it will be at the end of four

seconds.

5. If sin. (^-5)=|rad. and sin. {A-B)=
cos. {A+B), find J and 5.

6. Find how far a body will fall from rest, while

a pendulum whose length is 20 inches makes 10

vibrations.

7. Define logarithms, and shew from the defini-

tion that log. (ab) = log. a + log. log. (^y ^

log. a- log. b; log. a''=.n log. a.
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8. A hollow globe is filled with fluid ; compare

the internal pressure with the weight of the fluid.

9. In the magic lantern, prove that no image will

be formed upon the screen, unless the distance be-

tween the lantern and the screen be greater than four

times the focal length of the lens.

10. The sun is at the same altitude at equal in-

tervals of time before and after its passage over the

meridian, supposing no change in declination to

have taken place during the interval.

11. If Foe -—; a body revolving in a circle at a

given distance from the center will by its motion at

any point turned upwards ascend to twice its dis-

tance from the center.

13. Find the following fluents

:

/ax p xi

j+£ ^ (1+^*)^
X

13. The circumference of a circle to its diameter

is nearly in the ratio of 22 to 7 •

14. Inscribe the greatest parallelepiped in a

sphere.

15. Every inscribed triangle formed by any tan-

gent and the two intercepted parts of the asymp-

totes of a hyperbola, is equal to a given area.
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16. Find the radius of curvature at the vertex of

a common parabola.

17. If a body revolve in a logarithmic spiral, find

the law of centripetal force tending to the pole of

the spiral.

Tuesday Afternoon.—Mr. French.

THIRD AND FOURTH CLASSES.

1. \i A, B, C, be the three angles of a plane

, ,
. . „ sin. A

,

triangle, havmg given cos. i» = | .-: ^; prove the

triangle to be isosceles.

2. Prove that the arc—^^=^2* ^\ seconds

= 52". 44"'. 3'\ 45\

3. Ifa body be projected perpendicularly upward,

the time of its ascent through any space is deter-

mined from the quadratic equation {mT^—V.T+ S
= o); shew that the least root is that which answers

the conditions of the problem.

4. If a given pendulum be made to oscillate in a

cycloid and in a circle^ its greatest velocity in the

cycloid : its greatest velocity in the circle :: the

cycloidal arc described in its descent : the chord of

the circular arc described.
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5. A solid of revolution, whose axis is perpen-

dicular to the horizon, empties itself by a small

given orifice; required its nature, when the velocity

of the descending surface varies inversely as the

ordinate of the generating figure.

6. An eye being placed so as just to see the lowest

point of an hemispherical vessel, when empty ; it is

required to determine the perpendicular depth of

that point of its inner surface nearest to the eye,

which is brought into view when the vessel is filled

with water.

v/ 7. To a spectator in the northern hemisphere, the

sun, whose declination = 15", rises just two hours

before noon ; prove that tan. latitude of the place of

observation =|V3\/iL±i^Ll). (rad. = l).
^ (1-V3)

8. A cylinder, whose weight = 133.6 lbs. and

rad. =10, revolves about its horizontal axis; to

determine the time in which a weight of 20lbs. act-

ing by means of a string at the circumference of the

cylinder, will generate a velocity of 1 foot per second

at a distance = 1 from the axis. (m=l6 feet.)

9. If bodies move in a logarithmic spiral from

different points to its pole, shew that the times of

their motion are as the squares of the spaces which

they respectively describe.

10. According to what power of the distance must

the force vary, that the areas, data tempore, in all
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circles unitbrmly described about the center of force,

may be equal ?

11. If the point A (Prop. 41. Sect, viii.) be re-

moved to an infinite distance from the center of

force, shew from Newton's construction (Cor. 3.),

that the hyperbolic spiral will become a circle.

Z? D
12. The length of the catenary = « (e" - e~^)

,

D being its greatest ordinate and a the lateral ten-

sion. Required a proof.

13. w= '

,; —3-^. Required the maximum
•^ ^/(l-a-x^)

value of?/.

Tuesday Evening.—Mr. French.

1. A person transfers ^1000. stock from the Jive

per cents, to the three per cents, when the former

are at 110, and the latter at 84; if, at the end of

six months, the^t;e per cents, have risen to 112,

what must then be the price of the three per cents.

that he may sell out without having gained or lost

by the transfer }

2. Having given two distances from the focus of

a parabola and the angle between them ; to con-

struct the parabola.

o. To determine the greatest straight line which
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can be drawn from a given point in the minor axis

of an ellipse to its periphery.

4. A ball is projected from a given point in the

horizontal plane at an angle of 30°, and after

describing two-thirds of its horizontal range, strikes

against a sonorous body ; having given the whole

interval between the instant of projection, and the

instant when the sound reaches the point of pro-

jection^ to find the initial velocity.

5. The periodic times of four bodies being 24,

22, 20 and 18 days, respectively; in what time, after

leaving a conjunction, will they all be again in con-

junction,, and what number of revolutions will each

have performed ?

6. If rays fall nearly perpendicularly upon a

spherical refracting surface of a denser medium
converging to a point between the surface and its

center, and sin. / : sin. R :: m : n; shew that the

greatest distance between the conjugate foci =

—T——
^—^=-. r : (r being the radms of the refractmg

surface.)

7. The values of an oz. of platina, gold and silver

being y, g and s respectively, and their specific gra-

vities a, b, c; compare the value of a coin, made of

platina and silver, and which equals a guinea in

weight and magnitude, with the value of a guinea.

8. Shew that the 7i"' term in the series of hexa-

5B
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gonal numbers is tlie same with the (2w— l)"' term

in the series of triagonal numbers.

9. The point C is such that all straight lines drawn

from it to two given points A, B, are in a given

ratio
; prove that the locus of C is the circumference

of a circle.

10. A small object is placed at such a point in

the diameter of a sphere of water as to be distinctly

seen, after one reflection and one refraction, by an

eye in that diameter produced ; compare its visual

angle with the visual angle of the same object when

placed in the principal focus of the sphere.

11. Find the following fluents :

r ax
, p (c^-^-x-Y-.x

f ^-rr, Txj whena;=l; / - ^—r-.
^ v/(i-*) (hyp. log. a;)"

12. A wheel, in 3b* revolutions, passes over 29

vards, and in x of these revolutions it describes

yds. feet, inches.

z-Vy -Vb; to find the values of x^ y and z.

13. To find the place of a body in an elliptic

trajectory at any given time. [Newton. Vol. I.

Sect. 6.)

14. Deduce Kepler's law of the equable descrip-

tion of areas about the center offeree from the three

fluxional equations of motion.

1 5. Investigate the expression for the precession

in right ascension of a star, whose right ascension is

greater than 180^ and less than 270^.
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16. Required the sum of the terms of a binomial

(a + x)"', at intervals of n from each other, begin-

ning with the (p-\- 1)"" term.

17. A given hemispherical vessel, whose thick-

ness is t, resting upon its base, is filled with fluid

to a depth= half of its inner radius; required the

ratio of the specific gravities of the vessel and the

fluid, when the vertical pressure of the fluid = the

weight of the vessel.

18. To resolve (a^ - ab.2 cos. -h b^)-^' into

a series of cosines of arcs, the multiples of 0, by

means of the formula 2 cos. m9 = x'"'-\—-, and the

binomial theorem.

19. A body moves in a logarithmic spiral, the

centripetal force varying inversely as (dist.)*, and

the resistance as the density of the medium and the

square of the velocity jointly ; from these data

determine the law of the density,

20. Sum the following series :

8 . l6 , 24

1.3.5.7 ' 5.7. 9-11 911-1315
to n terms by increments.

aaf + (a+b) ^«+^ +(a+ 2fc)a?" + ^^4-&c. to n terms.

21. If seven balls be drawn from a bag contain-

ing eleven in all, five of which are white and six

black ; what is the probability that three white balls

will be drawn ?
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22. Prove that the sum of all the numbers of w

places, which can be formed with the n digits a, b,

c, Sec. : sum of all the numbers of 7i places which

can be formed with the w digits p, q, i', &c. of the

same scale :: a + />-i-c + &c. : p + «y+7"4-&c.

2^. In a revolving fluid spheroid of small eccen-

tricity, shew that, if sin.* lat. =-^, the distance from

the center (CP) = the radius of an equi-capacious

sphere, and that the central attraction of P arising

from the mutual gravitation of the particles of the

spheroid, is equal to its attraction to the same

sphere at rest.

24. ABODE is a pentagonal billiard-table, with

unequal but given sides and angles ; it is required

to find that point in one of its sides, and the di-

rection of impact, such, that an elastic ball may

continually describe the same path, striking every

side of the table in succession.



1819.] CAMBRIDGE PROBLEMS. 381

1819.

Monday Morning —Mr. Peacock.

Monday, January 18, 18 19.

first and second classes.

1. What number of degrees, minutes and se-

conds are contained in an arc equal to radius?

2. If from a point without a parallelogram, lines

be drawn to the extremities of two adjacent sides

and of the diagonal which they include ; of the tri-

angles thus formed, that, whose base is the diagonal,

is equal to the sum of the other two.

3. If 7lfx"~"' be the first negative term of the

equation

oi^'-\-px"-^ -^ — Mj:"-™- =0.

and ifP be the greatest negative coefficient, then

I +^P is greater than the greatest root of the

equation.

4. If the inverse ratio of any two consecutive

coefficients of the seVies

ao4-«i X -\- tto X- -]- a^ x^ -h &c.

be finite, it is always possible to assume x so small.
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that any one term of the series may exceed the sum
of all those which follow it.

5. In the direct collision of bodies^ the velocity

of the centre of gravity is the same before and after

impact.

6. The bulb of a thermometer is successively

plunged into boiling water and melting ice, and the

mercury in the tube falls a inches: given the dia-

meter of the tube, and the diminution of bulk due

to one degree of temperature, to find the capacity

of the bulb.

7. If rays nearly parallel, are incident upon a

concave spherical reflector, whose radius is r, and

if d and d' be the distances of the foci of incident

and reflected rays, then

d d' r

8. Explain what is meant by the line oi collima-

tion ; and shew by what means any error arising

from it, may be compensated in the circular transit

instrument with an azimuth motion.

9. Explain the method of finding the longitude,

by observing the increase of the moon's right as-

cension, in the interval of her transit over two

meridians,

10. Two lines AP and BP'm the same vertical

plane, pass through two points A and B situated in

the same horizontal line : find the locus of the point
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P, SO that the time of a body's descending down

AP and ascending up BP with the velocity acquir-

ed, may be constantly the same.

11. Integrate the differential equation

e' dx — --^ = dy —ydx.

12. All epicycloids, the radii of whose generating

circles bear an assignable numerical ratio to the

radii of their b*ses, are expressible by finite alge-

braical equations.

13. The cycloid is the curve of quickest descent,

between two points which are not in the same ver-

tical line ; demonstrate this by the calculus of

variations.

Monday Afternoon.—Mr. Peacock.

FIFTH AND SIXTH CLASSES.

1. What is the purchase money of c£ 15 6. lbs. \d.

3 per cent, annuities^, at ^A^ per cent. ?

2. Give the reason why quadratic equations

admit of two solutions.

3. Investigate an expression for the number of

combinations of w things, taken m and m together.

4. Explain in what case and for what reason,
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Cardans formula for the solution of a cubic equa-

tion, does not enable us to determine the roots.

5. Sum the series

v/2(l+v/2)^ (l+v/2) (2+v/2)

1

(2+v/2)(3+v/2)
+ &c. ?*w infinitum.

6. Prove that if 2 cos. A=:x-\-~ , then 2 cos. mA
X

1

7. Explain the method of determining the height

of an inaccessible object; give the formulae of solu-

tion of the triangles and adapt them to logarithmic

computation.

8. The lines drawn from the angles of a triangle,

to the bisections of the opposite sides, all meet in

one point.

9. A body descends 400 feet down a plane inclin-

ed at an angle of 30°; calculate the actual time of

descent to 3 places of decimals.

10. If^ be the weight sustained by the wheels

of a carriage, what is the force necessary to keep it

at rest, upon a road inclined at a given angle to the

horizon, the line of draught being parallel to the

road ?
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11. Explain fully the construction and principle

of the common pump.

12. The periodic times of the planetary bodies are

independent of the eccentricities of their orbits.

13. Explain the phases of Venus.

14. What is the cause of twilight? Within what

limits of polar distance, is there at least one day of

the year, when it will continue all night?

15. When parallel rays are incident nearly per-

pendicularly upon a spherical refracting surface, find

the geometrical focus of refracted rays.

16. Investigate the rule for finding the maxima
and minima values of a function of one variable,

and shew in what manner they are distinguished

from each other.

17. Find an expression for the radius of curva-

ture of the ellipse.

18. Find the centre of gravity of the arc of

a cycloid.

19. In the collision of perfectly elastic bodies the

relative velocity is the same before and after impact.

20. Given the weight of a body in water and in

air, to find its true weight.

21. Compare the forces by which the moon is

attracted bv the earth and sun.

3C
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Monday Afternoon.—Mr. Gwatktn.

THIRD AND FOURTH CLASSES.

1. Extract the square root of

2, Solve the equation

and find x and y from the following

\

x-^~x"-\- y* - ?/*= 84

3. Produce a given straight line so that the

rectangle under the given line, and the whole line

produced may equal the square of the part pro-

duced.

4. Find bv the method of continued fractions a

series of fractions converging to y^/ 3.

5. Prove that the third term of the equation

o^—yx^-^-qx — r^zO, cannot be taken away if /?'

be less than 3 q.

6. P and Q sustain each other on two inchned

planes, which have a common altitude by means of

a string parallel to the planes. Shew from geometri-

cal as well as mechanical considerations that if they

be put in motion, their centre of gravity describes a

right line parallel to the horizon.
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7. Bisect the arc ofa semi-cycloid ; and if a body

oscillate through it, compare the times of describing

the first and last half.

8. A right cone whose axis is vertical is just im-

mersed in a fluids first with its base, then with its

vertex downward. Compare the pressure on its

whole surface in each case.

9. An object being placed between two plane

reflectors inclined at the angle 22°. 30', find the

number of images, and shew that two of them

coincide.

10. The whole disk of the moon is faintly visible

when she is near conjunction, and also when suflfer-

ing a total eclipse. Explain these phenomena.

V
11. Find the fluxion of arc whose tang. =

1 —X 2^^
—-— , and shew that f dx (1 —x^)

""

1 -\-x ^ ^ '

(taken between the limits of :r = O and ^ = l) =
1.3.5 [2n- 1) TT

2.4.6 2w '2

v/ 12. Find the area of the curve traced out by the

intersection of the sine of an arc, and the secant of

half the arc, while the arc increases from O to a

quadrant.

13. Shew that the number of primes is infinite.

14. Find the polar equation to the ellipse, the

centre being considered the pole.

i^
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15. Supposing the density of the air to vary as

the compressing force, and gravity inversely as (dist.)"

from the earth's center ; find the density at any

ahitude, and shew from the result that the first of

the above hypotheses is inadmissible.

Monday Evening.— Mr. Gwatkin.

1. Extract the square root of 14 + 8^3.

2. Given the first and last terms, and the sum of

an arithmetic series, find the common diflference.

3. If three straight lines not in the sameplan.3 are

equal and parallel, shew that the triangles formed

by joining their adjacent extremities are equal and

their planes parallel.

4. Shew that the convex surface of a spherical

segment is equal to the area of a circle whose radius

is the distance from the pole to the circumference

of its base.

5. The bodies j4, B, C are acted on in parallel

directions by the accelerating forces a,b,c\ find

the point on which, if connected, they would ba-

lance.

6. Define a mean solar year_, an apparent solar

year, an anomalistic year^ and a sidereal year. Ex-

plain whence arises the difference between the two

first, and write down the three last in order of their

length.
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7. With a single die, find the chance of throwing

the six faces in six trials.

8. Given the base of a triangle, and the exterior

angle always equal to three times the interior and

opposite angle at the base, required the area of the

curve which is the locus of the vertex.

9. Find the principal focus of a concavo convex

lens of inconsiderable thickness.

10. If a hemispheroid and a paraboloid have the

same base and altitude, shew that their solid con-

tents are as 4 : 3.

11. A paraboloid of given dimensions and specific

gravity floats with its axis vertical on a fluid whose

specific gravity is known. How far may the axis

be increased before it tends to fall from its vertical

position.

13. If the diflference of two numbers be invari-

able, shew that as those numbers increase the

difference of their logarithms diminishes.

13. Integrate the quantities,

djc a r J dx

{hx-^cx'Y ' Ja + x-J{a^-\-x')

and shew that f-
—-j^ = ——-—— . arc cos.^ a-^b COS. X \/(" — u')

6+a.cos.a?
, .

, ,——

7

, OL benip; greater tlian b.
a+ b. COS.

X

° °

14, Two planes equal in length are inclined at
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45" a»d ;>0'^ to the horizon. A body is projected

downward from the top of the first, and another

upward from the bottom of the second, each with

the velocity acquired down a vertical line equal in

length to either plane. Compare the times of de-

scribing each plane, and the velocities at the end of

the motion.

15. Shew that Newton's trochoid in the sixth

section has a point of contrary flexure, and find its

position.

16. Find the length of the meridian for any lati-

tude in Mercator's chart, the oblate figure of the

earth being considered.

17.' Prove that, in the orbit described round the

sun by the centre of gravity of the earth and moon,

the elliptical form and the equable description of

areas are much more nearly preserved than in that

which the earth itself describes.

18. Newton, Sect. 9. Prop. 44. Find the ulti-

mate intersection of Cp the radius vector of the

moveable orbit and of the line mn which measures

the differential force.

19. Integrate the equations,

^x. dy = s/y.dx -|-^y . dy ;

d% dz I f o , OS

20. Define the circle of curvature, and thence

deduce the expressions for its radius and co-ordinates
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of the centre. Determine whether the circle of

curvature cuts the curve at the point of contact or

merely touches it ; and apply your result to the

case of the ellipse at any point and at the extremities

of the semi-axes.

21. The earth being supposed spherical and all its

matter collected in the surface; in which a circular

aperture of given radius is made, and from whose

middle point a body being let fall descends to the

centre of the earth, find the velocity acquired at

any point of the descent.

22. Explain what is meant by the particular so-

lution of a differential equation, and how it arises.

Give the method of deducing it, first from the com-

plete integral, and next from the differential equa-

tion ; and shew that the results thus obtained

coincide.

23. Point out the method of determining the

max. and min. values of an expression containing

two variables ; and give the criterion which decides

whether the value thus obtained is a maximum, a

minimum, or neither.

24. Shew that the planes of the circles which

measure the greatest and least curvature of a surface

at any point are at right angles to each other ; and

having given the radii of these, determine the radius

of curvature in a plane which is inclined at any

angle to the former.
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Tuesdai/ Morning.—Mr. Gwatkin.

FIRST AND SECOND CLASSES.

1. Find the price of a marble slab 5ft. "j'xu. long,

and 3ft. 5 in. wide, at 6*. per square foot.

2. Construct a tetrahedron upon a given straight

line, and find the radius of the sphere described

about it.

3. A fraction in its lowest terms whose denomi-

nator is prime to 10 produces a circulating decimal.

Required proof.

4. Find the right line of quickest descent from a

right hne to a point, the latter Hne and point being

given in position, but not in the same vertical

plane.

5. Shew how the focus of a given parabola may
be found.

6. Find the weight and magnitude of a solid by

weighing it in two fluids whose specific gravities are

known.

7. A small rectilineal object is placed before a

spherical reflector at a given distance from it and

inclined at a given angle to the axis. Required the

position and inclination of the image.

8. Given the base of a triangle and ratio of the

angles at the base, draw an asymptote to the curve

traced out by the vertex.
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9. Integrate the following expressions :

^ ^
, \ dx, -rr-i—?5 ^, ,, ; and solve the

x^ ' ^{A-\-Bx +C'.r*)

equation x^ d"^ y = aydx^.

10. Force oc • shew, that if a particle of

matter be attracted to a straight line, the direction

in which it begins to move is determined by bisect-

ing the angle formed by the lines which join the

particle and the extremities of the attracting line.

11. In the expansion of (1 -\-x-\-x^Y write down
the coefficient of .r".

12. Find the centre of gyration of a cube revolv-

ing round an axis which passes through its centre of

gravity,

13. Sum the series tan. .^ + | .tan. |^ + |tan.

^ A-\-k.Q. ad infin.

14. Shew how a plane may be drawn touching

the surface of any solid ; and draw a plane touch-

ing in a given point the surface of an ellipsoid whose

equation is (-) + (|) + T -;") = 1 ; a?, 2/, a,

being the co-ordinates, and a, h, c, tl>e semi-axes.

3 V
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Tuesdaif Afternoon.—Mr. Gwatkin.

FIFTH AND SIXTH CLASSES.

3
1. Extract the square root oi x'^ — 2 or" -^ ~ x"" ~

1 1

*'Z. Solve the equation,

a */{a' — x'^) __ X
—

-f- —
J-

,

X X

and find the values of jr and y in the following equa-

tions x^ y^=a, x^ y'^=b.

3. Draw through a given point a straight line

making a given angle with a given straight line.

4. A straight line can cut a circle in only two

points. Required proof.

5. Trace the changes of algebraic sign, in the

sine of an arc, the tangent and secant ; and explain

why sec. A and sec. (180° + J) which coincide

should be one positive and the other negative.

6. In the direct impact of a row of perfectly

clastic bodies A, B, C, &c. decreasing in magni-

tude, shew that the momentum communicated to

each is less than that communicated to the preced-

ing body. When is the impact of two bodies said to

be direct }
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7. Shew that the time in which a heavy body de-

scends down the straight hne drawn from any point

in the surface of a sphere to the lowest point=the

time of descent down the vertical axis of the

sphere.

8. A straight line is immersed vertically in a

fluid. Divide it into three portions that shall be

equally pressed.

9. A straight line passes through the principal

focus of a spherical reflector at right angles to the

axis. Determine the conic section that forms the

image. Where must the straight line be placed that

its image may be a circle?

10. Given an ellipse, shew how its centre may

be found.

raw11. y"' =ax^+ x^. Trace out the curve. D
an asymptote to it, and find the magnitude and po-

sition of the greatest ordinate.

X
12. Find the fluxion of the log. of . .,. , and

of an arc whose sine=2a::\/(l —x^).

13. Integrate the following expressions :

xf^ dx x^ dx ,
dx

and -
x'+d'' (l-.r*)4-' {x-aY.[x-b)'

14. Describe the transit instrument and adjust it

to the plane of the meridian.

15. Find the center of gravity of a spherical

sector.
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1(). Two bodies tall to a center of force from the

same distance, one acted on by a force varying as

the distance, and the other by a force
1

The forces at first being supposed equal, compare
the times of descent.

17. Given the velocity, distance, and direction of

projection, when the force varies as the distance,

shew that the body describes an ellipse; and find

the magnitude and position of its semi-axes.

Tuesday Afternoon.—Mr. Peacock.

THIRD AND FOURTH CLASSES.

1. If the roots of the equation

x^ -px +(j =

be real, and if we assume cos. 6=—^\/ — , then
2 ^ p''

9 /p
one of the roots = 2 cos. -

. \/ ,-.

2. Determine the conjugatediameters ofan ellipse,

which make the least angle with each other.

3. The radius of curvature is a tangent to the

evolute.

&"

4. Investigate a genei'al expression for the co-

ordinates of the centre of gravity of the area of

a curve, included between a given ordinate and

abscissa.
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5. Given the quantities and directions of three

forces acting upon a material point in different planes,

to determine the quantity and direction of the re-

sultant or compound force.

6. In the interior rainbow, the tangent of the

angle of incidence is twice that of the angle of re-

fraction.

7. A sphere of less specific gravity than water,

ascends from the depth a ; what is its velocity at

the moment it reaches the surface ?

8. Explain the method of determining the helio-

centric latitude and longitude of a planet.

9. Enumerate the principal phaenomena of Sa-

turn's ring.

10. Find the centre of oscillation of a cylinder of

given length and diameter, suspended by its ex-

tremity.

11. Prove, that tan. 7iA =

n (n—l) (n— 2) . .,, ,

n tan. A ^—
—
y^- (tan. J)^ + &c.

n (n- 1) . .,„ „

1 ^= ^ (tan. AY + kc.
1.2 ^

^

12. Find the whole area of the curve whose equa-

tion is a*y'— fl-o:" -f x'^ = 0.

13. Find the locus of the points, in the plane of

the moon's orbit, where a body will be equally at-

tracted by the earth and moon.
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Tuesday Evenhig.—Mr. Peacock.

1. If two spherical triangles have two sides of

one triangle equal to two sides of the other, each to

each, and the included angles equal, the triangles

are equal in every respect.

2. The modulus of tabular logarithms or

M=.43429448 19;

shew in what manner this number is determined.

3. It is always possible to find those roots of

numerical equations, which are whole numbers or

rational fractions, without the aid of formulae of

approximation.

4. Explain the method of determining the posi-

tion of the nodes of the moon's orbit: what is the

physical cause of their retrograde motion ?

5. The friction of a body being supposed inde-

pendent of velocity, to find an expression for the

time of a body's descent down a given inclined

plane, the friction being equal to ^"' part of the

pressure.

6. A cubical iceberg is 100 feet above the level

of the sea, its sides being vertical : given the specific

gravity of sea water= 1.0263 and of ice=:.9214,

at the temperature of 32°, to find its dimensions. Is

this position one of stable equilibrium }
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7. Prove that the centres of oscillation and sus-

pension are reciprocal. Of what use is this property,

in the determination of the length of a pendulum

which vihrates seconds in any given latitude ?

8. Explain the method of determining the ratio

of the sines of incidence and refraction both in liquid

and solid bodies.

9. Given the latitudes and longitudes of two

places, where the inclination of the magnetic needle

is nothing, to find the point of the terrestrial equa-

tor, which is cut by the magnetic equator, supposing

it a great circle of the earth.

10. Of all equal quadrilateral figures, the square

has the least perimeter.

11. Integrate

, ^ dx
,

do

j;^{bx''—ay (sin. Oy cos. O'

doc
('2.)—,—;

TT from j:=0, to = a.

(3 )
^ ^ djc'y _ a^

d\i/
~ 2x

d x~

dx dy _

d^z

dx dy
(5.) ^y - tzt:. = o-
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12. Find the equation of the curve which is the

locus of the extremities of the perpendiculars from

the centre upon the tangents of the equilateral hy-

perbola, and determine the position of its tangents

at the points where it cuts the axis.

13. Given

log. 510 = 2.707570 18

log. 511 = 2.708^12090

log. 513 = 2.71011737

log. 514 = 2.71096312

to find the logarithm of 512^ by the method of

interpolations.

14. Explain the principle and construction of the

achromatic telescope.

15. What is the least velocity with which a body

must be projected from the moon^, in the direction

of a line joining the centres of the earth and moon,

so that it may reach the earth ?

16. If the bulb of a thermometer be a sphere,

whose diameter is 1 inch, and if the diameter of the

tube be j^^ of an inch, what is the pressure upon

the interior of the bulb, when the mercury stands

at the altitude of 10 inches above it, exclusive of

that portion of the pressure which sustains the

mercury in the tube?

17. If 7it=u+ e sin. u, where u is the eccentric

and nt the mean anomaly, apply Lagrange's

Theorem to the developement of rt(l —e cos. //), in

terms of cosines of iit and its multiples.
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18. Prove, that in going from the equator to the

pole, the increment of gravity varies very nearly as

the square of the sine of the latitude. In what

manner does this variation affect, 1st, the length

of a pendulum vibrating seconds, and 2dly, the

altitude of the barometrical column ?

19. Prove, that there can be no more than five

regular solids ; and find the angles which their

terminating planes make with each other.

20. Given the weight of the key-stone of a circu-

lar arch, in a state of perfect equilibration, and the

angles formed by each of its faces with a vertical

line ; to find the horizontal pressure upon the abut-

ments.

21 . Prove, that

^ * -1 <

- = tan.^ -
.

y ey-\-x ee^ + 1

^^"^' + +tan.--
e„-e„_,

^ ta^.-ii.

^x .ex — 7/ , e, — e _,
tan.-' - = tan.-^ + tan.-' — htan. '

6,62 + 1 6,,_ie^+l e,

X X
where tan."^- represents an arc whose tangent is-,

and where e, e^, e^,...e„ are any numbers what-

ever.

22. A spherical shell with a small orifice at it's

lowest point, is filled with air of the density of the

atmosphere, and immersed in water to a depth a:

with what velocity will the water rush into the

shell, and what portion of the sphere will it occupy,

when the motion ceases r

.1 E
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23. Develope—
;:

in a series involving ascend-

ing powers of a-. Of what use are the coefficients

of this series in expressing the law of the coefficients

of the series for tan. 9 in terms of ?

24. Enumerate, as Newton has done, the princi-

pal proofs of the truth of the theory of universal

oravitation.
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1820.

Monday Morning.—Mr. Whewell.

Monday, January 17, 1820.

first and second classes.

1. (jrivEN two sides and the included angle, find

an expression for the area, (l) in a plane, and (2) in

a spherical triangle.

2. A straight line cuts a parabola, whose vertex

is A, in two points P and Q, and its axis in O

;

ordinates P M, QN^ being drawn, shew that AO \s

a mean proportional between AM and AN.

1

3. The force varies inversely as (distance) j .

A body is projected from any point in any direction,

with a velocity equal to that from infinity. Find

the position of the apse_, and the whole angle de-

scribed.

4. On a horizontal dial the angle corresponding

to a second of time at 4 o'clock, is double the angle

for a second at noon. Find the latitude of the

place.
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5. The equation to a curve is y=ix\/ .

Trace it: find its maximum ordinate, and its area.

6. The earth revolving round a fixed axis, shew-

that a hody let fall from the top of a high tower

will not strike the ground exactly at the foot of the

tower. Between what cardinal points of the com-

pass will the point struck be situated with respect to

the foot of the tower ?

7. Express the distance of a point from the earth's

center in terms of the latitude.

8. A point T moves uniformly along a straight

line V another point P, with three times the velo-

city, always moves towards T, so as to describe

the curve ofpursuit. Trace the curve, and shew

that the path described by T from the time when

the paths are at right angles till it is overtaken by

P is -1^ of their distance at that time.

9.,The equation to the elliptical paraboloid being

ax^ + by^ + abz = abc, draw a normal to it; and

determine the points where this line quts the three

co-ordinate planes. Also find the solid content of

a portion contained by planes parallel to the planes

of xz and 7/ z.

10. Find right-angled triangles, such that all the

sides shall be rational numbers.

11. If a, by c he the sides of a plane triangle and
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C the angle opposite to c ; prove that

h h^
'

hyp. log. c = hyp. log. a cos. C — -—^ cos. 2 C

COS. 3 C— &c.

12. Integrate the differential

in a series which converges rapidly when e is nearly

= 1 ; and the equation

, .
.dx

.

dy

13. Define the moon's variation. Give Newton's

construction for it, and hence shew how it varies.

Monday Afternoon.—Mr. Whewell.

FIFTH AND SIXTH CLASSES.

1. Find the value of .151636363, &c. of £l.

2. Find in what time at compound interest, at

3 per cent, a sum will become 10 times its original

value. (N. B. the log. of 105 is 2.0211893.)

3. Solve the equations

x(y+ z)=a^
i/{x+ z) = b>

z {x-\-i/) = c^

07^—6^-40=0, by Cardan's method.

3". 2'^ = 10.
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4. A beam rests with one en(i on a horizontal

plane, and the othcragainst a vertical wall j find the

horizontal force necessary to prevent its lower end

from sliding outwards.

5. A projectile is to be thrown across a plain 120

feet wide, to strike a mark 30 feet high, the velocity

of projection being that acquired down 80 feet; find

at what angle it must be projected.

6. A piece of wood weighs 12 lbs. and when an-

nexed to 22 lbs. of lead, and immersed in water, the

whole weighs 8 lbs. The specific gravity of lead

being 11 times that of water, find the specific gravity

of the wood.

7. A cylinder whose axis is horizontal empties

itself by a hole in the lowest part; find the time.

8. A trapezium has two opposite sides equal, and

the other two parallel ; compare the resistance upon

it, when it moves in the direction of the parallel

sides, and when it moves in a direction perpendicu-

lar to them.

9. Explain why all parts of the field of view of

a telescope are not equally bright ; and find the

proportion of the bright part to the whole in the

astronomical telescope.

10. Having observed the elongation of a planet

when stationary, shew how its distance from the sun

may be found.
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11. Find the integrals of

^/«-^/a? ^/{2ax-x') ^

12. Find an expression to determine the force by

which a body may be retained in a given curve

:

apply it to the curve whose equation is

,^ b'x*

^ a*+x''

13. The force varying inversely as the distance,

find the angle between the apsides in an orbit

nearly circular, and prove the method.

14. Sum the following series to n terms,

1- —-- _ &c.
s/x X xs/x

and continue the harmonic progression. .. . v3, 4, 6,

.... upwards and downwards. How far can it be

continued either way ?

15. Form the equation, whose roots are

2+\/— 3, 2->/-3, 1, and -5.

16. In any plane triangle of which the sides are

a, b, c, and the opposite angles A, B, C, prove that

a .sin. C
sin. A =

^{a* — 2 ab. COS. C+h'')

17. How high will a given balloon ascend ? When
it floats in the air, supposing that a given weight of

ballast is thrown out, to what additional height will

it rise, and how much will a barometer in it sink?
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Monday Afternoon.—Mr. Wilkinson.

THIRD AND FOURTH CLASSES.

1. Find the discount of .€.100 for one year at

5 per cent, and then calculate the interest on this

discount for the same time.

2. Solve the equations

(FHT-
= \' ""'^ v/(^-i)+V(x'- D^r-.

3. If a rigid sphere^ revolving round an axis,

become fluid and therefore change its figure, the

whole moment of inertia w^ill remain the same as

before.

4. Find the centers of oscillation of a square sus-

pended by one corner and oscillating Jlatways and

edgeways.

5. What is the reason that waves always break

against the shore whatever be the direction of the

wind ?

6. The horizon of any place being taken as the

plane of projection, find the figure and dimensions

of the path of the diurnal motion of a given star

orthographically projected,

7. What is the meaning ofthe astronomical term

equation ? The equation of time (arising from what

causes?) is a maximum about the beginning of

November^ is it then additive or subtractive r
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8. The number of impossible roots of any equa-

tion 1^^ -/?a^~'+ &c. = is not increased by multi-

plying its terms by the successive terms of the series

0, 1, 2, 3, 4, &c.

9. Integrate these expressions

dz , dx
and1— tan.^2;' \-\-x-\-31r'

10. If a tangent be drawn at the extremity of

the latus rectum of a conic section meeting the

tangent at the vertex, the part of this latter tangent

thus cut off shall be equal to the distance between

the vertex and the focus of the curve.

11. Find in what curve a body must revolve

round a repulsive force varying as the distance from

a pointj so that its velocity may always equal that

in a circle at the same distance, round an equal

attractive center of force.

12. Transform the equation to the lemniscata

(a?*-t-3/*)^ = a* . (^^ — 3/^), from rectangular to polar

co-ordinates.

13. If in an equation between x and y the sum
of the indices be the same in every term, the loci

of the corresponding values of x and y are straight

lines.—Find what lines are defined by the equation

y^ - Ixy'' \-x^ — 0.

5 F
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Monday Evening.—Mr. Wilkinson.

1. What is the purchase of ^1034. \bs. stock in

the 3 per cents, at 62\ ?

2. If two straight lines in space be parallel, their

projections on any plane will be parallel.

3. Find the solidity of an octahedron.

4. Required the present worth of an annuity of

(a) pounds for n years payable every instant in

equal portions, interest also being convertible into

principal as fast as it becomes due.

5. R and r being the radii of the circumscribed

and inscribed circles of the triangle whose sides are

a, b, c, shew that

abc
Rr=:

2{a-\-b-{-c)

6. If w be a prime number and a and b integers

a"~^— b"~'
not divisible by n, then is a whole

number.

7. State D'Alembert's principle, and the principle

of virtual velocities^ and employ them in deducing

this theorem 4m {Ax + By^ Cz) = Jo" +B¥ + Cc";

A, B, C, being weights which put a system in

motion, x, y, z, the spaces perpendicularly de-

scended by them respectively, and a, b, c, their

actual velocities.
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8. A slender rod of uniform thickness revolves

round an axis passing through one of its extremi-

ties ; find,

(1.) At what point an obstacle must be opposed

to it that there may be no stress on the axis from

the shock ?

(2.) What quantity of matter should be collected

in this point that the impulse on the obstacle may
be the same as that of the rod ?

(3.) At what distance from the axis the obstacle

must be opposed that the impulse may be the same

as if the whole matter in the rod were collected in

that point ?

9. The earth being supposed a sphere of uniform

density, shew that the pressure on each side of a

plane passing through its center : the whole weight

of the earth :: 3 : 1 6.

10. A piston is thrust down uniformly into a cy-

linder full of air, having a small orifice at the end ;

find the quantity discharged in a given time into

a vacuum.

11. If parallel rays fall upon a spherical refracting

surface, the distance from the axis of the geometri-

cal focus of a small pencil which does not pass

through the center, is proportional to the cube of

the distance at which it is incident from the axis.

12. The sun's right ascension on two successive

days at noon was 6\ 40'. 25", and 6'\ 45'. 13", by
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the Nautical Almanack (and therefore in sidereal

time); the moon's right ascension at the same time

was from the Nautical Almanack (and therefore

expressed in degrees) 5*. 9«. 32', and 5'. 20". 9'.

Required the time of the moon's transit in the in-

terval.

13. The length of a degree perpendicular to the

meridian is always greater than the degree of the

meridian corresponding.

14. Define the axis of a curve, and draw the axis

to the curve of which y^ - 3 axi/+aP = is an equa-

tion.

15. Tand t are the parts of the tangent at the

vertex {A) of a rectangular hyperbola, (whose semi-

axis =l) cut off by lines (CP, Cp) drawn from

the center to the curve ; shew that if the sector

CAP be n times the sector CAp,
l-T _ y^l^^Y

16. A's skill is double jB's, and their stakes

equal; find what C, whose skill is equal to A's,

must stake, that A's advantage may be as great as

if he played with B.

17. If it be an even wager that D wins (n) suc-

cessive games of .E, what is E's chance of winning

the first game ?

18. Integrate the differential equations

dv • 7 I
d^ V 2rfy

-^ = a sin. x-\~by; and -r~ ~ —r^+2w=0;
dx dx- dx ^
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and shew how to separate the variable quantities in

dy __ a'+ j?* — z/"*

dx

19. Apply the method of increments to sum

the series

3 14.1,51 - -^ , ,

. -

.

'
r- ^ + .;— • —7 + &c. (to n terms)^ and

1.2 2 2.3 2* 3.4 2'' ^ ^

also to shew that sin. a: + sin. 3uC -|-sin. 5 j: +
sin.* nx

(to n terms) =•
sm. X

20. If tangents be drawn at the extremities of the

major axis of an ellipse, the rectangle under the

parts of these tangents intercepted by the tangent

at any other point of the curve is a constant quan-

tity.

21. Conversely, if ^Tj Vt, be two perpendiculars

to a given line AV and on the same side of it, and

also the rectangle AT x Vt be constant ; to inves-

tigate the nature of the curve which the line Tt

perpetually touches.

22. The axes of two equal cylinders intersect

each other at right angles, find the content of the

solid cut out of each by the surface of the other.

23. The attractions of ellipsoids on particles in

the surface in directions perpendicular to any of the

principal sections are as the distances.

24. Two bodies connected by an inflexible rod
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without weip^ht, and to one of which a certain ve-

locity is communicated, are constrained to move

along- two grooves at right angles to each other ; re-

quired the circumstances of motion ; and shew that

when the bodies are equal the line which joins them

revolves uniformly.

Tuesday Morning.—Mr. Wilkinson.

FIRST AND SECOND CLASSES.

1. What will the ceiling of a room come to^ whose

length is 24ft. 6 in. and width l6ft. 3in. at 3^. per

yard?

tan. ^ ) find the differential of m.
x-\-y/

S. Every positive number has an infinite number

of logarithms, only one of which is real, and every

negative number has only imaginary logarithms.

4. When a system of bodies connected in any

manner is in equilibrium the center of gravity is as

high or as low as is possible.

5. The resistance on a cube moving in a fluid in

the direction of its diagonal : resistance on the same

cube moving in a direction perpendicular to its side

:: 1 : ^3.

6. A conical vessel is filled with water; find that
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heavy sphere which when put into it shall force out

the greatest quantity of fluid.

7. Draw a tangent to the curve formed by the in-

tersection of a right cone with the cylinder erected

on the radius of the base as a diameter.

8. Investigate the nature of the curve trisecting

all the arcs described on the same chord.

9. Integrate

ydx—xdy , , , 2xdy-ydx
•2-—;

—

^ , and xau - yax=:—r-^—~- .

10. A, and B whose skill is m times ^'s, agree to

play with this law, that A shall continue to stake

against B so long as B wins without interruption

;

shew that B's expectation is worth (rn— l) times

the stake.

11. A circle of curvature is described at the ver-

tex of a parabola, and another circle which touches

that and both the arcs of the curve, and so on con-

tinually ; compare the sum of all the areas of these

circles with that of the parabola.

12. If D and U be the lengths of a degree of a

meridian at the equator and in latitude X respec-

tively, a and h the equatorial and polar diameters,

a sin. X

\/(g) COS." X

13. Explain how the comparative densities of the
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sun and moon have been deduced from the phaeno-

niena of })recession and nutation.

Tuesday Afternoon.— M.v. Wilkinson,

FIFTH AND SIXTH CLASSES.

1. Required the value of Icwt. 2qrs. 3lbs. at

£4. bs. 6d. per cwt.

2. Find the value of

l-x^
when ^=1

3. Writedown the 4 first terms of the expansion of

(^ - iy

4. The two bases of any oblique prism are re-

ciprocally proportional to the sines of the angles

which they make with the axis.

5. Given the forces of many agents, to find the

time in which they will all produce a given effect.

6. Find the time of one oscillation in a cycloid.

7. A row of non-elastic balls whose magnitudes

increase in geometrical progression are placed at

equal distances in a straight line, and a given ve-

locity is communicated to the first ; required the

time before the n*'' is put in motion.
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8. Explain the method of finding the specific

gravity of a body hghter than water.

9. Construct Newton's telescope, and shew that

objects appear inverted through it.

10. T'he aberration of a given star in right ascen-

sion is not necessarily nothing when that in decli-

nation is a maximum.

IJ. Integrate

dx dx ^ dx
and

12. Find the area and point of contrary flexure

of the curve, whose abscissa is always equal to the

arc of a circle, the versed sine of which is the or-

dinate.

13. If 5=1 +i + 1 -F i;,-f &c. ininf.

1 1 1 ^ . . ^
and *=1 H — — + &c. in inf.

2>" 3'" 4'" -^

Shew that S : s ::
2'""'

:
2'«-'— 1.

14. The total number of odd combinations that

can be formed out of any number of things is

greater by unity than the total number of even.

15. If at any point P in an ellipse the ordinate

NP be produced to meet the tangent at the ex-

tremity of the latus rectum, the whole line thus

produced is equal to SP the focal distance.

3G
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16. The force to a plane must vary inversely as

the cube of the distance in order that the trajectory

may be a semi-circle.

17. If two bodies describe about each other and

about their common center of gravity similar and

concentric ellipses, the forces with Which they at-

tract each other are proportional to their distances.

Tuesday Afternoon.— Mv. Whewell.

THIRD AND FOURTH CLASSES.

1. In the common system of notation explain why

the number of digits cannot be more or less than

the local value 10.

2. To find a point within a given triangle from

which the three sides shall subtend equal angles.

3. A body is projected with the velocity due to

a height //, at an angled with the horizon. Find

an expression for the latus rectum of the parabola

described.

4. Shew how the points of contrary flexure in

spirals may be found ; and apply the method to find

the point of flexure of the lituus whose equation is

9= —, 9 being the angle, and r the radius vector,

5. Shew that a body cannot move so that the
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velocity s^hall vary as the space from the beginning

of motion. And if the velocity vary as the cube

root of the space^ find how the time and the force

vary.

6. Two bodies P and Q, whose specific gravities

are vi and n, balance each other on a given straight

lever. When the whole is immersed in water whose

specific gravity is 1, what alteration must be made

in the place of the fulcrum, that they may continue

to balance ?

1. If a right cone, the diameter of whose base is

BCy and vertex A, be cut by a plane so that the

section may be an ellipse whose major axis is PQ,
the solid content of the part towards the vertex is

to that of the whole, as (APQy to {ABCf'

;

APQ and ABC being the areas of those triangles.

Also find the equation to the surface of a cone

referred to three rectangular co-ordinates.

8. A beam hangs, by means of u given cord fast-

ened to its upper end, from a fixed point in a ver-

tical wall. Against what point of the wall must its

lower end be ])laced, that it may have no tendency

either to ascend or descend ? Within what limits

for the length of tfie beam is this equilibrium pos-

sible ?

9. The equation jt^ - 45x^ — 40cr 4- 84 =0, has

two roots whose difference is 3 ; find them.

10. Tlie force varies inversely as the square of the

distance. A body is projected in a rlirection which
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makes an angle of 6o^ with the distance, with a ve-

locity which is to the velocity from infinity as 1 : \^3.

Find the major axis, the position of the apse, and the

excentricity, of the ellipse which will he described;

and the periodic time.

11. Integrate

; e'^'xdx', sm. mx.s\v\.nx.Qos.px.dx',

(1 -x3)^'

dy _ a+ 2x—y
dx a - x-^ 2y

'

12. Sum the series

by increments :

and prove 1 + ??. -f f —^^

J +

j^njn- l).(n- 2)\^ _ l.2.3...2n

V 1.2.3 / ^ ^~ (1.2. 3.../if*

13. If we divide «, a^, a^,. . . .by a prime num-
ber p, [a being any number) we shall obtain a

remainder 1 before we have taken p terms. Also

after this remainder the remainders will recur.
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Tuesday Evening.—Mr. Whewell.

1. The area of any right angled triangle is equal

to the rectangle of the semi-perimeter and the ex-

cess of the semi-perimeter above the hypotenuse.

Required proof.

2. A sets off from London to York, and B at

the same time from York to London : they travel

uniformly ; A reaches York l6 hours, and B Lon-

don 36 hours, after they have met on the road; find

in what time each has performed the journey.

3. The surface of a right cone being given, to

find its form that the solid content may be the

greatest possible.

4. The equation to a straight line hemg y = ax

\-h, find the equation to another straight line

drawn perpendicular to the first and passing through

a given point. Also, solve the same problem when

the lines are referred to three rectangular co-ordi-

nates.

5. Two given spheres are moving in given straight

lines with given uniform velocities: find where they

will meet^ (1) when their directions are in the same

plane, (2) when they are not.

6. A slender cylinder, whose specific gravity is

I that of water, is placed in the fluid in an oblique

jjosition ! find the magnitude, direction, and point
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of application of the force which must act on the

cyhnder to keep it immersed -^ of its length.

7. A gate of given weight and form is hung by
hinges to a post inclined at a given angle from the

vertical. When it swings freely, find the time of its

small oscillations.

8. The perihelion distance of a comet is J the

distance of the earth from the sun ; and its orbit,

which is parabolical^ and the earth's, which is cir-

cular, are in the same plane: how many days is the

comet within the earth's orbit .?

9. Describe the repeating circle^ and the method
of observing with it; and explain its advantages.

10. Find the time of a body falling through any

space towards a center of force, (l) when the force

varies inversely as the square root, (2) when it

varies inversely as the cube root, of the distance.

For what laws of force is the integration, which

gives the time, practicable ?

11. The force varies inversely as the fifth power

of the distance. A body is projected with a velocity

which is to the velocity from infinity as 5 to 3, and

in a direction which makes with the line drawn to

the center an angle whose sine is . Find the

orbit, and the time ofdescribing a given angle; and

determine whether it has an apse.

12. AM, MP, MT, are the abscissa, ordinate^
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and subtangent of a curve, of which the property-

is that AM: MP :: MT . TJ; find its equation,

and trace it,

13. Integ-rate the foUowino; differentials and dif-

ferential equations,

—-^,— -; e"' s\n.^x.dx;

j'^"{ydx-\-xdy) =y" {i/dx— xdy) ;

d^y — 3 d'^ydx -\- Sdydx' — ydx^=:0;

dz dz
x-j 1- w-r" ~z .

ax ^ dy

14. If P and S, attracting each other with forces

proportional to their masses, revolve round their

center of gravity ; their periodic time is to the pe-

riodic time of an indefinitely small particle, which

describes a similar orbit round S at the same dis-

tance, as s/S-^o ^{S+P). Also, if to P be

annexed an equal mass which is not attracted by S^

what alteration will be made in this proposition ?

15. In any polyhedron the number of solid an-

gles together with the number of plane faces, exceed

by 2 the number of edges.

16. On two straight lines at right angles to each

other, two points move respectively from given

positions, with equal uniform velocities; find the

curve to which the line which joins them is always

a tangent.

17. In a bag are 8 bank notes, viz. I of twenty-

pounds, 2 of five, and 5 of one : a person is allowed
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to take out three indiscriminately : what is the value

of his expectation?

18. The radiating point and the caustic being

given, siiew that there are an infinite number of

reflecting curves which will produce the caustic.

19. A body falls towards a center of force which

varies directly as the distance, in a medium of which

the resistance varies as the square of the velocity :

find the velocity at any point. Shew from your re-

sult that when the resistance vanishes, the velocity

coincides with that in a non-resisting medium.

20. heti/z = (pf-j be the equation to a curve

surface, where is any function whatever : shew

that the part which the tangent plane to any point

cuts off from the axis of z, is twice the value of z

for that point.

21. Sum the series,

— —7^ + occ. 2n int.
1.4 3.6 5.8 ^

jr. cos. -^-|-a?-.cos. 2A + x^ .cos. 3^+&c. in inf.

Also, prove that

1 2 3 . „ . . ^
—

i

1- -z—r + —^ r &c. in inf.1*+1 2*+l 3^+1 ^ -^

TT e'^^+l _ 1

~2'6^"-l 2'

and find an expression for the «"' term of a series

where each term is the product of the two pre-

ceding.
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22. AB is the axis of a cycloid, (of which A is

the vertex,) and C its middle point. An ordinate

is drawn meeting the axis in M, the cycloid in P,

P', and the generating circle in Q, Q'. CN is taken

towards ^ equal to AM. Then the cycloidal sector

P7VP' = triangle QBQ\ Required proof.

23. If a chain of given length be suspended from

two points, shew that its center of gravity is lowest

ivhen its form is a catenary.

24. Expand the radius vector of an ellipse about

the focus ( =r =—^^ ) in a series of the
V 1 -f-e.cos. 0/

form

A-{- B.cos. e+C.co?^. 20+ D. COS. 3$ + &c.

3 H
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Henricus Monk, B. D. &c.—Editio secunda.—Svo. 8*.

^SCHYLI PROMETHEUS VINCTUS, ad fidem Manu-

scriptorum emendavit, Notas et Glossarium adjecit Carolus

Jacobus Blomfield, S. T. P. Collegii SS. Trinitatis apud Can-

tabrigiensis nuper Socius.—Ed. secunda.—Svo. 85.

tESCHYLI SEPTEM CONTRA THEBAS, ad fidem Manu-

scriptorum emendavit. Notas et Glossarium adjecit C. J.

Blomfield, S.T. p. &c.—Ed. secunda.—Svo. 85.

^SCHYLI PERSiiE, ad fidem Manuscriptorum emendavit,

Notas et Glossarium adjecit C. J. Blomfield, S. T. P. &c.

—

Ed. secunda.—Svo. 85.

^SCHYLI AGAMEMNON, ad fidem Manuscriptorum

emendavit Notas et Glossarium adjecit C. J. Blomfield, S.T. P.

&c.—Svo. IO5.

MUSEUM CRITICUM, or CAMBRIDGE CLASSICAL
RESEARCHES, No. 1 to 6, 5s. each.— To be cotitimied.

^SCHYLI TRAGCEDItE qus supersunt deperditarum Fa-

bularum Fragmenta et Scholia Graeca ex editione Thom.e
Stanleii cum Versione Latina ab ipso Eraendata et Commen-
tario longe quam antea fuit auctiori ex Manuscriptis ejus nunc

demum edito. Accedunt Variae Lecliones et Notae VV. DD.
Criticae ac Philologicae quibus suas passim intertexuit Samuel
Butler, S.T. P. Regiae Scholae Salopiensis Archididascalus

Coll. Div. Joann. apud Cantabr. nuper Socius Cantabrigise.

Typis ac sumptibus Academicis.—8 vols. Svo. <=£ 4. 4*.

Idem, 4 vols. 4to. £S. 8.



Books published by J . Deighton and Sons.

RICARDI PORSONI Notaj in ARISTOPHANEM, (juibus

PLAUTUM COMCEDIAM partim ex ejusdem Recensione,

partim e Manuscriptis emendatam et variis Lectionibus instruc-

latn praemisit, et Collationum Appendicem adjecit Petrus
Paulus Dobree, A.m., Collegii SS. Trinitatis Socius. In

one Jarge voJ. 8vo. ]/. \s,

A few copies are printed on large paper, price 21. 2s.

SOPHOCLIS TRAGGEDI.E SEPTEM; et Deperditarum

Fragmenta ex editionibus et cum Annotatione Integra Brunckii

et Schaeferi, cui intertextae sunt glossae ex Eustathio et Suida

excerptcE accedunt notae Carol. Gottlob. August. Erfurdtii. in

3 vols. 8vo. £l. lis. 6d.

NOVUM TESTAMENTUM GRtECUM cum Scholiis Theo-
logicis et Philologicis, a Samuel Hardy, 2 vols. 8vo.

£l. 16*.

FLORA CANTA13RIGIENSIS exhibens Plantas Agri Can.

tabrigiensis Indigenas, secundum systema sexuale digestas cum
characteribus genericis, diagnosi specierum, synonymis selectis,

norainibus trivialibus, loco natali, tempore i nflorescentiae cum
Ricardi Relhan,—8vo. plates, ]2s.

C. CORNELII TACITI OPERA ex recensione JoH. Aug.
Ernesti deuuo curavit Jer. Jac. Oberlinus Argentoratensis

Instit. Litter. Francici Socius—4 vols. 8vo. £2. 2s.

TACITUS DE MORIBUS GERMANGRUM et D£ VITA
AGRICOL^, ex edit. G. Brotier. Locis Annalium et His-

toriarum ab eo citatis, selectis etadditis cura Ricardi Relhan,
A. M. R. S. et L.SS. Florae Cantabrigiensis Auctore, &c.—Edit,
tertia, Svo. with Maps of Germany and Ancient Britain, 75.

C. CORNELU TACITI HISTORI.E, ex edit. Gabrielis
Brotier. Locis Annalium, et Germaniae ab eo citatis, selectis

et additis; quibusdam etiam Notis subjunctis ab Edit. Ricardo
Reliian, a. M. &c.— Svo. 125.



JBoofc- published by J. Deigliton aiui Sana.

Q. HORATII FLACCI OPERA ad exemplar recensiom's

Beiitltlnna? plorumque emeiulata et brevibus notis instructa.

EJidit Tiios. KiDP, A. M. e Coll. SS. Triii. Cantabrigiae. Ad-
denda by Dr. Bf.xtley, never before published; the principal

eriKMjdalions, which hare been made sirvee his days, and th&

authorities upon which they are founded, occur in the notes. The
altei-ations also suggested by Markland, in his Epistola Critica,

which were borrowed without acknowledgement by Joseph-

Valart, in his preface to Horace, published at Paris in 1770,

and uniformly rejected by Bentley, are for the first time spe-

cified in the notes to this edition. A scheme of metres is pre-

fixed to every Ode respectivel}^, and references are given to

those fragments of Archilocus, Atceus, and Sappho, by which

Bentley has exemplified the Horatian metres.—Small 8vo. Is..

6d. Large paper, 15*.

TITI LIVII Libri tres cum Notis DRAKENBORCH, Frag-

mentum Lib. xci. Hist. T. LIV. et dissertat. CREVIERII, &c.

—8vo. 6s.

MUSM CANTABRIGIENSES, seu Carmina qusedam nu-

mismata aureo Cantabrigias ornata, et Pro-Cancellarii permissa

edita.—8vo. 6*.

ARTICULI ECCLESI^ ANGLICANS Textibus Scriptura

Patrum Testimoniis brevibusque notis illustrati, Auctore Edv.

Welshman. Huic novae Editioni Appendicis loco adjiciuntur

Edvardi Sexti atque Articuii a. d. 1552 approbati—8vo. 6*. 6d.

LEXICON GR^CO PROSODIACUM, auctore T.Morell.,

S.T. P. olim Yulgatum typis denuo mandavit, permultis in locis

correxit, exemplis a se allatis, et animadversionibus, illustravit

verbys, a Morella omissis, quam plurimis auxit : et Graecis voci-

bus Latinam vei-sionem subjecit Edv. Maltb y, S. T- P.—Royal

4to. £5. 5s,

R. DAWESII MISCELLANEA CRITICA, typis quartum

excusa prodeani ex recensione et cum notis THOMff. Kidd,,

A.M. e Coll. SS. Trin. Cant.—8vo. 12*.

SEALERS ANALYSIS of the GREEK METRES. The eighth

edition, corrected and improved.—8vo. 3*. 6cf.

CAMBRIDGE UNIVERSITY CALENDAR for the year

i820.—small Svo. 6y. continued annually



Books puhlkhed hy J. Delghfon and Sons,

The TRAGEDIES of EURIPIDES, trar>slated by Pottek,

2 vols. 8vo. 1 8y.

The TRAGEDIES of ^SCHYLUS, translated by R.

Potter. A new edition, with notes.—8vo. 75.

The WORKS of TACITUS, translated by Thos. Gordon,
Esq. A New Edition, with Notes.—2 vols. 8vo. iGs.

CYRUS'S EXPEDITION into PERSIA and the RETREAT
of the TEN THOUSAND GREEKS, translated from Xenophon,

with Notes Critical and Explanatory, by E. Spelman, Esq.

—

I2mo. Qs.

BEAUSOBRE's NEW VERSION of the GOSPEL accord-

ing to St. MATTHEW • with a literal Commentary on all the

difficult passages : to which is prefixed, an Introduction to the

Reading of the Holy Scriptures, intended chiefly for young

students in Divinity.—New Edition, 8vo. 9^.

WALL'S HISTORY of INFANT BAPTISM, in Two Parts.

To which is added, a Defence of the History of Infant Baptism,

against the Reflections of Mr. Gale and others,—The fourth

edition, with the author's last corrections, 3 vols. 8vo. £l. Is.

A VINDICATION of the UNIVERSITY of CAMBRIDGE
from the REFLECTIONS of Sir James Edw. Smith,

President of the Linnaean Society, contained in a pamphlet,

entitled, " Considerations respecting Cambridge," &c. by the

Rev. James Henry Monk, Fellow and Tutor of Trinity

College, and Regius Professor of Greek in the University of

Cambridge.^ second edition, 8vo. 35. Qd.

BELSHAZZAR's FEAST, a Seatonian Prize Poem. With

Notes relative to the History of the Babylonian and Assyrian

Empires. By the Rev. T. S. Hughes, A. M. Fellow of Em-
manuel College.— 8vo. 35. Qd.

CAMBRIDGE PRIZE POEMS : a complete Collection of

such English Poems as have obtained the Annual Prenn'um in-

stituted in the University of Cambridge, by the Rev.T. Seaton,

M.A. from the year 1750 to the year 1806. To which are

added, Three Poems likewise written for the Prize, by Mr. Bally,

Mr. Scott, and Mr. Wrangham.—2 vols, small 8vo. J 2s.



Books published by J. Deighton and Hoiis.

A HISTORY of the UNIVERSITY of CAMBRIDGE, in-

cluding the Lives of the Founders of the different Colleges, by

GeouoeDyeu, formerly of Emmanuel College.—With a Col-

lection of excelk'nt Views, &c. taken and engraved purposely

for this Work, by Greig, to correspond with Chalmers' History

of Oxford; in 2 vols. 8vo. price £l. lis. 6d. and on large

paper, £'2. I '2s. 6d.

Afew copies are printed in 4-to xcith Proof Impressions of the

Plates on India paper, £5. 5s.

An HISTORICAL and CRITICAL ENQUIRY into the

INTERPRETATION of the HEBREW SCRIPTURES, with

Remarks on Mr. Bellamy's New Translation. By John Wm.
Whittaker, M. a. Fellow of St. John's College, Cambridge.

—

8vo. 9s.

SUPPLEMENT to the above containing Observations on

Sir J. B. Burgess's Reasons in favour of a New Translation of

the Holy Scriptures, &c. 8vo. sewed.

- A GUIDE through the UNIVERSITY of CAMBRIDGE,
containing an Account of the Colleges, Public Buildings, &c. &c.
—12mo. 35.

A CHRONOLOGICAL CHART of the PRINCIPAL CON-
TEMPORARY SOVEREIGNS recorded in Ancient and Mo-
dern History, on canvas and rollers, lOs 6d.

TWENTY VIEWS of the Principal Public Buildings in the

University of Cambridge, 18 inches by 12. 2*. 6d. each, or

£2. 2s. the set.



Books published hi/ J. Deighton and Sons,

MATHEMATICAL WORKS,

By Members of the University of Cambridge.

£. s. d.

All Elementary Treatise on the DilFerential and Inte-

gral Calculus, by S. F. Lacroix, translated from the

French, with an Appendix and Notes, by C, Bab-

bage, G. Peacock, and J. W. F. Herschel.— Svc... IS

A Collection of Examples of the different Applica-

tions of the Differential and Integral Calculus, by
Cfiarles Babbage,M.A. F.R.S. St. Peter's College;

George Peacock, M. A. F.R.S. Fellow of Trinity

College; and J. W. F. Herschel, M. A. F.R.S
Fellow of St. John's College

An Introduction to Plane Trigonometry, 8vo. 2d Ed. 1 6

Bland's Algebraical Problems, 8vo. 3d Ed 10 6
— Geometrical Problems, to which is added, the

Elements of Plane Trigonometry, 8vo 14-0
Bridge's Lectures on the Elements of Algebra, 8vo.

4th Ed 7

Lectures on Plane Trigonometry, 8 vo. 2d Ed. 4
— Lectures on Conic Sections, 8vo. 2d Ed 5

Math. Principles of Natural Philosophy, Svo. I I

Cambridge Problems, being a Collection of the Ques-

tions proposed to the Candidates for the degree of

B. A. from 1801 to 1820 inclusive, Svo

Cresswell's Elements of Linear Perspective, 8vo 6

Elementary Treatise on the Geometrical

and Algebraical Investigation of Maxima and Mini-

ma ; to which is added, a selection of Propositions

deducible from Euclid's Elements, Svo. 2d Ed 12

SupplementtotheElementsof Euclid, Svo. 10

—

'

Treatise of Geometry, containing the first

Six Books of Euclid's Elements, methodically ar-

ranged and concisely demonstrated, together with

the Elements of Solid Geometry, Svo 14

Treatise on Spherics, Svo 7

Dealtry's Principles of Fluxions, Svo. 2d Ed 14

Inman's System of Mathematics, Part I. Svo 4

___— System of Mathematics, Part II, Svo. , 5 O



Booka published by J. Deighlon and Sons.

c£ . S' d.

Innian's Translation of F. 11. de Chapman's Treatise

on Ship-Building, with Explanations and Demon-

strations respecting the Architectura Navalis Mer-

catoria 2 2

' Elements of Linear Perspective designed for

the Use of Students in Painting, 8vo 4 6

Newton's Treatise on Conic Sections, 8vo 4-6
On the Orbits described by Bodies revolving in given

Planes round immoveable Centres of Forces, 4-to.... 5 6

Parkinson's Mechanics and Hydrostatics, 4to 18

Peacock's System of Conic Sections, 8vo. 2d Ed 5

Nature and Use of Logarithms, 8 vo 3

System of Plane T'rigonometrjf, 8vo 3

Comparative View of the Principles of the

Fluxional and Differential Calculus, 8vo 2 6

The Elements of the Conic Sections, with the Sections

of the Conoids, 8vo 4 6

Toplis's Translation of La Place's Anal. Mechanics,

8vo , 12

"Vince's System of Astronomy, 2 vols, -ito. 2d Ed 4 4-0

System of Astronomy, vol. 3, 4to 1 15 O

Principles of Fluxions, 8vo. 5th Ed 12

Principles of Hydrostatics, 8 vo. 4th Ed 4

Elements of Astronomy, 8vo. 3d Ed 7

Elements of Conic Sections, 8vo. 4th Ed 2 6

—

.

Treatise on Plane and Spherical Trigonometry,

8vo. 3dEd ...• 4 6

Observations on Gravitation, 8vo I O

Whewell's Elementary Treatise on Mechanics, Vol. L
containing Statics and part of Dynamics, Svo 15

"Wood's Elements of Algebra, 8vo. 6th Ed 7

Principles of Mechanics, Svo. 5th Ed 5

Elements of Optics, Svo. 3d Ed 6

Woodhouse's Analytical Calculations, 4to 8

Plane and Spherical Trigonometry, Svo.

3dEd 9 6

Isoperimetrical Problems, 8vo.. 6

— Elements of Astronomy, 8vo..,.. 15

— Elements of Astronomy, voMI. 8v0i<..... 18 O





7^/-v Ai. {rt Cc££a.j

2>y^*^^'^

A- 7"

h- 11.



I CI

r/<i .
>^f /- u^^-^ iy("

lAl

)32

too

r<p^ ^

h^s^ h-'. s.

f.^o^ ... n
p.2U — o UU^ci. , 4//-i^

r^^7 ^ • . '2 «

l^.iiL ,-^ - s

^-?23 . -. 6

- >V2

/^

H

;

QA

I

^3
C35
1.B21

|ai C,< .^.

-y* ./

Cambridge problems

PLEASE DO NOT REMOVE

CARDS OR SLIPS FROM THIS POCKET

UNIVERSITY OF TORONTO LIBRARY




